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© Endothelin atagonistic cyclic pentapeptides. 



l. A cyclic pentapeptide of the formula: 
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wherein X" (n = 1-5) represent amino acid residues, respectively, and X 1 is DPhe. DTyr. DTha. DTza. DNal. 
DBta, DTrp. DTrp(O), DJrp(CHO) or OTrp((CH 2 ) m COR') (wherein m is from 0 to 6. and R : is a hydroxy! 
group, a Ci*C6 alkoxy group, an amino group or a Ct-C& monoalkylamino group, provided that when m = 0. 
R 1 is not a hydroxy! group). X 2 is DAsp. DG!u or DCysfOjH). X 3 is Pro. Hyp, Pip, Thz, tfAla. or Gly. Ala. a Aba. 
Aib. Val. Nva, Leu. He. all , Nle. Met. Met(O), Met(0 2 ). Phe. Tza. Tha. Tyr. Trp. His. Arg, Lys. Lys(CHO). Orn, 
Orn(CHO), Asn. Gin. Asp. Glu, CysfOaH), Cys. Ser or Thr wherein a hydrogen atom on the o-amino group 
may be substituted by a Ci : C& alky! or Cj-C? cycloalkyl group which may have an optional group selected 
from the group consisting of an imidazolyl group, a carboxyl group, a sulfo group and a hydroxy! group. X 4 is 
DAIa. DThr, OaAba. DVal. DNva. DLeu. Dlle. Dalle, DNIe. DtertLeu. DCpg. OChg, DOpg. DPen, Aib. AC3C 
Ac*c. AcsC Ac&c. AC7C or DPhg, DThg, DFug, DTzg or Dltg wherein a hydrogen atom at the a-position may 
be substituted by a Ci-Ca alky! group. X s is Pro, Pip. Thz. or His. Ala. aAba. Val, Nva, Leu. lie. alle, Nle. Met, 
Csal, C*al. Csal or C&al wherein a hydrogen atom on the a-amino group may be substituted by a Ci-C& alkyl 
group; or a pharmaceutical^ acceptable salt thereof. 
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EN DOTH ELI N ANTAGONISTIC CYCLIC PENTAPEPTIDES 

Tha present invention relates to novel compounds having antagonism against a physiologically highly 
active endogenous peptide, endothelin. processes for their preparation and their use as a drug. 

The compounds of the present invention have antagonism against endothelin, and thereby providing a 
new therapeutic potential, particularly for the treatment of hypertension, myocardial infarction, angina 
s pectoris, acute renal failure, cerebral infarction, cerebral vasospasm, asthma, endotoxin shock, endotoxin- 
induced multiple organ failure or disseminated intravascular coagulation, and/or cyclosporin-induced renal 
failure or hypertension. 

Endothelin is a polypeptide composed of 21 amino acids, and it is produced by vascular endothelial 
cells of human or pig. It is known that endothelin has a potent vasoconstrictor effect and a sustained and 
w potent pressor action. It is also known that such a vasoconstriction is caused by binding of endothelin to its 
receptors on the vascular smooth muscles (Nature. 332. 411-415 (1988). FEBS Letters. 231. 440-444 (1988) 
and Biochem..8iophys. Res. Commun.. 154, 868-875 (1988)). 

As reported, the endothelin levels are" clearly elevated in the blood of patients with essential hyperten- 
sion or acute myocardial infarction, or in the washing fluids of the respiratory tract of patients with 
/5 asthmaticus as compared with normal levels (Japan. J. Hypertension. \2, 79 (1989) and The Lancet, 23, 
747-748 (1989)). ~~ 

Further, an increased sensitivity of the cerebral blood vessel to endothelin in an experimental model of 
cerebral vasospasm (Japan. Soc. Cereb. Blood Flow & Metabol.. h 73 (1989)) and an improved renal 
function by the endothelin antibody in an acute renal failure model have been reported (J. Clin. Invest.. 83, 
o 1762-1767 (1989)). Therefore, endothelin is assumed to be one of mediators causing acute renal failure~or 
cerebral vasospasm following subarachnoid hemorrhage. 

Further, endothelin is secreted not only by endothelial cells but also by tracheal epithelial cells or from 
kidney cells (FEBS Letters. 255 1 29-132 (,1989). and FEBS Letters. 249. 42-46 (1989)). 

Endothelin was also found to control the release of physiologically active substances such as renin. 
25 atrialnatriuretic peptide, endothelium-derived relaxing factor (EDRF), thromboxane A?, prostacyclin, 
noradrenaline, angiotensin H and substance P (Biochem. Biophys. Res. Commun.. 157. 1164-1168 (1988); 
Biochem. Biophys. Res. Commun.. 155. 167-172 (1989); Proc. Natl. Acad. Sci. USA~85. 9797-9800 (1989); 
J. Cardiovasc. Pharmacol.. 13, S89 : S92 (1989); Japan. J. Hypertension, 12. 76 (1989) and Neuroscience 
Letters, 102. 179-184 (1989)) - Further, endothelin causes contraction of the smooth muscle of gastrointestinal 
30 tract ancTthe uterine smooth muscle (FEBS Letters, 247, 337-340 (1989); Eur. J. Pharmacol.. 154, 227-228 
(1988); and Biochem. Biophys. Res. Commun.. 159. 3T7 : 323 (1989)). 

Further, endothelin was found to promote proliferation of rat vascular smooth muscle ceils, suggesting a 
possible relevance to the arterial hypertrophy (Atherosclerosis, 78. 225-228 (1989)). Furthermore, since the 
endothelin receptors are present in a high concentration not only in the peripheral tissues but also in the 
35 central nervous system, and the cerebral administration of endothelin induces a behavioral change in 
animals, endothelin is likely to play an important role for controlling nerval functions (Neuroscience Letters. 
97.276-279 (1989)). 

On the other hand, endotoxin is one of potential candidates to promote the release of endothelin. 
Remarkable elevation of the endothelin levels in the blood or in the culture supernatant of endothelial cells 
•iu was observed when endotoxin was exogenously administered to animals or added to the culture endothelial 
cells, respectively. These findings suggest that endothelin is one of important mediators for endotoxin- 
induced diseases (Biochem. Biophys. Res. Commun.. 161. 1220-1227 (1989); and Acta Physiol. Scand.. 137. 
317-318 (1989)). 

Further, cyclosporin, when added to the renal cell culture (LLC-PKI cells), remarkably increased 
-5 endothelin secretion (Eur. J. Pharmacol., 180, 191-192 (1990)). Further, when cyclosporin was administered 
to rats, a decrease in the glomerular filtration rate and an increase in the blood pressure were observer!, in 
association with a remarkable increase in the circulating endoehttin level. This cyclosporin-induced renal 
failure can be suppressed by the administration of endothelin antibody (Kidney Int.. 37. 1487-1491 (1990)). 
Thus, it is assumed that endothelin is significantly involved m the pathogenesis of the"cyclosporin-induceo 
so diseases. 

Accordingly, substances which specifically inhibit the binding of endothelin to its receptor are believed to 
antagonize the above-mentioned various physiological activities of endothelin and thereby being useful as a 
medicine in a wide range of fields. However, such an endothelin antagonist has never been discovered yet. 

Endothelm is an -endogenous substance which directly or indirectly (by controlling liberation of various 
■■•■•■.icgencus subsuncrrsi induces sustained contra-: lion of vascular or non-vas.:uiar smooth muscles, anil tts 
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excess production or excess secretion is believed to be one of pathogeneses for hypertension, bronchial 
asthma, acute renal failure, - myocardial infarction, angina pectoris, cerebral vasospasm and cerebral 
infarction. Further, it is suggested that endotheiin serves as an important mediator involved in diseases such 
as endotoxin shock, endotoxin-induced multiple organ failure or disseminated intravascular coagulation, 
and or cyciosporin-induced renal failure or hypertension. Accordingly, the objectiv of the present invention 
is to provide a novel therapeutics for the treatment of the above-mentioned various diseases by an invention 
of an endotheiin antagonist. 

In order to solve the above-mentioned problems, the present inventors have synthesized various cyclic 
pentapeptides and have investigated their endotheiin antagonistic activities, and as a result have found that 
novel cyclic pentapeptides represented by the following formula (I) have strong endotheiin antagonistic 
activities. The present invention has been accomplished on the basis of this discovery. 

Thus, the present invention provides a cyclic pentapeptide of the formula: 

cyclo (-X l -X 2 -X 3 -X 4 -X 5 -)- (I) 

wherein X n (n = 1-5) represent amino acid residues, respectively, and X 1 is DPhe, DTyr, DTha. DTza, DNal, 
DBta. DTrp, DTrp(O). DTrp(CHO) or DTrp({CH 2 ) m COR 1 ) (wherein m is from 0 to 6, and R 1 is a hydroxyl 
group, a Ci-Cs alkoxy gnxip. an amino group or a Ci-C& monoalkylamino group, provided that when m = 0, 
R : is not a hydroxyl group), X 2 is DAsp, DGIu or DCys(03H), X 3 is Pro, Hyp. Pip. Thz, 0Ala. or Gly, Ala, 
aAba. Aib. Val. Nva, Leu. lie. alle. Nle, Met. Met(O). Met(0 2 ). Phe. Tza, Tha, Tyr, Trp, His, Arg, Lys. Lys- 
(CHO). Orn. Orn(CHO), Asn, Gin, Asp. Glu. Cys(03H). Cys, Ser or Thr wherein a hydrogen atom on the a- 
amino group may be substituted by a Ci-Ce alkyl or Cs-C; cycloalkyl group which may have an optional 
group selected from the group consisting of an imidazolyl group, a carboxyl group, a sulfo group and a 
hydroxyl group. X* is OAla. DThr. DaAba, DVal. DNva. DLeu, Olle, Dalle, DNIe. DtertLeu. DCpg, DChg. 
DDpg. DPen, Aib. AC3C, Ac*c. AcsC Ac&c. AC7C, or DPhg, DThg, DFug, DTzg or Dltg wherein a hydrogen 
atom at the a-position may be substituted by a C1-C3 alkyl group. X s is Pro. Pip. Thz, or His. Ala, aAba. Val. 
Nva. Leu. lie, alle. Nle. Met. C3al. C*al. C$al or Csal wherein a hydrogen atom on the a-amino group may be 
substituted by a C1-C& alkyl group; or a pharmaceutical^ acceptable salt thereof. 

The present invention also provides a process for producing a cyclic pentapeptide of the abovo formula 
(l). which comprises cyclizing a linear pentapeptide of the formula (II) or its salt: 



R 
I 

HN-Y-CO-Q (II) 

wherein Y is a divalent group capable of forming a linear pentapeptide residue having an amino acid 
sequence corresponding to the cyclic pentapeptide of the formula (I), together with a group of the formula 
-NR (w^.erein R is a hydrogen atom, a C1-C& alkyl or C3-C7 cycloalkyl group which may have an optional 
group selected from the group consisting of an imidazolyl group, a carboxyl group, a sulfo group and a 
hydroxyl group, or a group forming Pro. Hyp. Pip or Thz at th3 N-terminal as bonded to a part of Y) and a 
group of the formula -CO. wherein sidechain functional groups of the amino acids may optionally be 
protected, and Q is a leaving group, to obtain a cyclic pentapeptide wherein sidechain functional groups of 
the ammo acids may be protected, subjecting, if necessary, this cyclic pentapeptide to at least one reaction 
selected from the group consisting of 1/ lerr.oval of » the sidechain protective groups. 2) formylation. 
alko^ycarbonylation or alkoxycarbonylalkylation at the 1 -position of the indole ring of ii>ptophan. 3) 
conversion of the alkoxycarbonyl group in the substituent at the 1 -position of the indole ring of tryptophan to 
3 carboxyl group or a carbamoyl group. 4) formylation of the sidechain amino group of lysine or ornithine, 
and 5) oxidation of methionine to methionine sulfoxide or methionine sulfone. and furthermore optionally 
conducting the conversion to a pharmaceutical^ acceptable salt. 

Further, the present invention provides a drug for treating hypertension, acute ienal failure, myocardial 
.niarction. angina pectoris, cerebral infarction, cerebral vasospasm, asthma, endotoxin shock, endotoxin- 
;nduc£d multiple organ failure or disseminated intravascular coagulation, and or cydosporin-induced renal 
uii„ro Of hypertension. Ahich contains a cyclic polypeptide of the formula (I) or a pharmaceutical!*/ 
vvc-ovibie sail tno:eof. 



4 



EP 0 436 189 A1 



In the accompanying drawings: 

Figure 1 shows the activities of the compound of Example 12 ( O ) against endothelin-induced 
contraction of isolated coronary artery as compared with the case in which no drug is present ( • ). 
Figure 2 shows the activities of the compound of Example 15 ( O ) against endothelin-induced 
contraction of isolated porcine coronary artery as compared with the case wher no drug is present ( • 

)• 

Figur 3 shows the activities of the compound of Example 3 ( O ) against endothelin-induced contraction 
of isolated porcine coronary artery as compared with the case where no drug is present ( • ). 
Figure 4 shows the activities of the compound of Example 15 ( O ) against endothelin-induced 
contraction of isolated guinea pig trachea as compared with the case where no drug is present ( • ). 
Figure 5 shows the activities of the compound of Example 3 ( O ) against endothelin-induced contraction 
of isolated guinea pig trachea as compared with the case where no drug was present ( • ). 
Figure C shows the effects of the compound of Example 3 ( O ) against the increased perfusion pressure 
induced by endothelin in isolated rat heart as compared with the case where no drug was present ( • ). 
Figure 7 shows the activities of the compound of Example 3 { O ) against endothelin-induced contraction 
of isolated porcine basilar artery as compared with the case where no drug was present ( • ). 
Figure 8 shows the activities of the compound of Example 15 ( O ) against the endotoxin-induced body 
temperature lowering effect as compared with the case where no drug was administered ( • ). 
Now, the present invention will be described in further detail with reference to the preferred embodi- 
ments. . 

Now, the meanings of various abbreviations used in this specification will be given. The abbreviations 
relating to amino acids and their protective groups are in accordance with the recommendation by IUPAC- 
IUB Commission on Biochemical Nomenclature (Biochemistry, 11, 1726 (1972)) and common usage. 



aAba 


L-a-aminobutanoic acid 


Da Aba 


D-a-aminobutanoic acid 


AC3C 


1 -aminocyciopropanecarboxylic acid 


Ac*c 


1 -aminocyclobutanecarboxylic acid 


Acsc 


1 -aminocyclopentanecarboxytic acid 


Ac6C 


1 -aminocyclohexanecarboxylic acid 


Ac/C 


1 -aminocycloheptanecarboxylic acid 


Aib 


2-amino-2-methyfpropionic acid 


Ata 


L-alanine 


DAIa 


D-alanine 


tfAla 


^-alanine 


Arg 


L-arginine 


Asn 


L-asparagine 


Asp 


L-aspartic acid 


DAsp 


D-aspartic acid 


DAsp(ONa) 


sodium D-aspartate 


DBta 


D-3-(3-benzo[b]thienyl)alanine 


Cr,al 


L-3-cyctopropyIalanine 


C*al 


L-3*cyclobutylalanme 


Csal 


L-3-cyclopentylalanine 


C 6 al 


L-3-cyciohexylaianine 


DChg 


D-2-cyclohexylglycine 


CmGly 


N-(carboxymethyl)glycine 


DCpg 


D-2-cyclopentylglycine 


CpGly 


N-cyclor*entylgiycine 


Cys 


L-cysteine 


Cys(0 3 H) 


L-cysteic acid 


Cys(0 3 Na) 


sodium L-cysteate 


DCys(0 3 H) 


D-cysteic acid 


DCys(OiNa) 


sodium O-cysteate 


DCystCKBuiN) 


tetrabutylammonium O-cysteate 


DDpg 


D-2-(l.4-cyclohexadienyl)glvone 


DEtg 


(2S)-2-ethyl-2-(2-thienyl)qlycme 


DFug 


D-2-(2-furyl)r;lyr.inc 


Glu 


L-giutamic aao 
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DGlu 
Gin 
Gly 
His 

5 ^yp 
leGly 
He 
alle 
Dlle 

w Dalle 

Dltg 

Leu 

DLeu 

DferfLeu 
is Lys 

Lys(CHO) 

MeAla 

MeLeu 

Me Met 
20 Met 

Met(O) 

Met(0 : ) 

DNal 

Nle 
25 DNle 

Nva 

ONva 

Orn 

Orn(CHO) 
jo DPen 
Phe 
DPhe 
DPhg 
Pip 

35 'PrGly 

Pro 

Sar 

Ser 

Tha 
jo DTha 

Thr 

U I HI 

Tnz 
Tip 
DTtp 

DTtp(CHO) 
DTip(O) 

OTfp((CH : ), n COR) 



Dfyr 
Dfja 

or fc g 



D-glutamic acid 

L-glulamine 

giycin 

L-histidine 

4-hydroxy-L-proline 

N-[2-(4-imrdazolyl)ethyl]glycine 

L-isoleucihe 

L-alloisoieucine 

D-isoleucine 

D-alloisoleucine 

D-2-(isothiazolyl)glycine 

L-leucine 

D-leucine 

D-2-amino-3.3-dimethylbutanoic acid 
L-lysine 

NMormyl-L-tysine 

N-methyl-L-alanine 

N-methyl-L-leucine 

N-methyl-L-methionine 

L-methionine 

L-methionine sulfoxide 

l-methionine sulfone 

D-3-( I -naphthyl)alanine 

L-norleucine 

D-norleucine 

L-norvaiine 

O-norvaline 

L-ornithine 

N s -formyl-L-ornithine 

D-penicillamine 

L-phenylalanine 

D*phenyl?ianine 

D-phenytglycine 

L-pipecolinic acid 

N-isopropylgiyone 

L-proline 

sarcosine 

L-serine 

L-3-(2-thienyl)alanine 

D-3-(2-thienyl)alanine 

D-2-{2-!hienyi)giycna 

L-threonme 

D-thrccnine 

L-thiazolid<ne-4-carbo«yliC add 

L-tryptophan 

D-tryptophan 

N ,n -forrnyl-D-tryptOphan 

D-3-(2 3-dihydro-2*o^omdu!- j-y:?a!::r.iro 

D-tryptophan substituted Dy a -iCH.- ),XOFT group 

L-iyosme 
D-iyrosme 

L-J-^-tPiajolynaianme 
C-3-(2-:riajolylialan.r : e 
D-^-ttt'MJOt', ii'jiyCff.o 



it *.ne i-c*os.:oi u. ;iic ..icic^ 
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2 


benzyloxycarbonyl 


Fmoc 


9-fluorenylmethoxycarbonyl 


'Bu 


ferf-butyl 


8zl 


benzyl 


Pac 


phenacyl 


Pfp 


pentafluorophenyl 


H03T*H 2 0 


1 -hydroxy-! H-t>enzotriazol monohydrate 


DCC 


N,N'-dicyclohexylcarbodiimide 


DIPC 


N.N'-diisopropylcarbodiimide 


EDCI'HCI 


1 -ethyl-3-(3-dimethyiaminopropyl)carbodiimide hydrochloride 


TFA 


trifluoroacetic acid 


TEA 


trie thy I amine 


EDT 


1 ,2-ethanedithiol 


p-TosOH 


p-toiuenesulfonic acid 


Pd/C 


palladium-carbon 


DMAP 


4-dtmethylaminopyridine 


DMF 


N.N-dimethylformamide 


THF 


tetrahydrofuran 


DMSO 


dimethylsulfoxide 


MOPS 


3-morphorinopropanesulfonic acid 


HEPES 


2-[4-(2-hydroxyethyl)-1 -piperadinyl]ethanesulfonic acid 


Tris 


tris(hydroxymethyl)aminomethane 


PMSF 


phenylmethanesulfonyl fluoride 



Now, the process for producing the novel cyclic pentapeptide of the present invention will be described. 

25 The cyclic pentapeptide of the present invention is prepared by cyclizing the corresponding linear 
pentapeptide wherein the sidechain functional groups of the amino acids may be protected as the case 
requires, and then, if necessary, conducting at least one reaction selected from the group consisting of 1) 
removal of the sidechain protective groups, 2) formylation. alkoxycarbonylation or alkoxycarbonylalkylation of 
the 1 -position of the indole ring of tryptophan, 3) conversion of the alkoxycarbonyl group in the substituent at 

30 the 1 -position of the indole ring of tryptophan to a carboxyl group or a carbamoyl group. 4) formylation of 
the sidechain amino group of lysine or ornithine, and 5) oxidation of methionine to methionine sulfoxide or 
methionine sulfone. and further converting the product to a pharmaceutical^ acceptable salt, if necessary. 

The linear pentapeptide can be prepared by a method wherein an amino acid is condensed one by one. 
by a method wherein condensation products of plural amino acids are condensed with each other, or by a 

35 combination of such methods. Such condensation can be conducted in a liquid phase or in a solid phase by 
known methods such as an azide method, a mixed acid anhydride method, a DCC method and an active 
ester method (disclosed, for example, by M. Bodansky and MA Ondetti in Peptide Synthesis, Interscience. 
New York, 1966; by F.M. Finn and K. Hofmann in The Proteins, Vol. 2, ed. by H. Nenrath and R.L Hill. 
Academic Press Inc.. New York, 1976; by Nobuo Izumiya et al. in Peptide Synthesis. Maruzen. 1975). 

40 The preparation of the compound of the present invention by a solid phase method can be conducted in 
the following manner. The linear pentapeptide can be obtained by successive condensations on an insoluble 
carrier such as a chloromethyl resin (Biochemistry. 3. 1385 (1964)). an oxymethyl resin (Chem. Ind. 
(London). 1966 . 1C97), a p-alkoxybenzyl alcohol resin ~(J. Am. Chem. Soc, 95. 1328 (1973)) or a func- 
tionalized polyamide resin (Bioorganic Chemistry, 8. 351-370 (1979)). Firstly. anl7-amtno group of the amino 

45 acid selected for the C-terminus in the linear pentapeptide, is protected. If a reactive functional group is 
present in the sidechain. such a sidechain functional group is also protected. Then, it is bonded as a 
carboxylic acid ester to the insoluble carrier in accordance with a known method. Then, the a-amino 
protective group is removed, and then the next amino acid derivative (the a-amino group and. if necessary, 
the sidechain functional group are protected) is condensed by simultaneously adding a conae.ism^ reagent 

so such as DCC or DIPC. if necessary together with an additive such as HOBT'hhO. This amino acid derivative 
may be used as a carboxyl-activated amino acid such as a pentafluorophenyl ester or an acid azide. Such 
deprotection and condensation are repeated to afford a desired linear pentapeptide. The protective group of 
an amino group is selected usually from those well known in the art. for example from urethane type 
protective groups such as a Z group, a Boc group, a Fmoc group, a p-methoxyoenzyloxycarbonyl group and 

55 a p-nitrobenzyloxycarbonyl group. For the protection of an o-amino group, it is preferred to use a Fmoc 
group or a Boc group. The Fmoc group can be readily deprotected after the condensation with relatively 
mild base such as a 20% solution of piperidine in OMF. On the other hand, the Boc group can be readily 
deorotecteo with relatively mild aaC such ;<s TFA. When the Fmoc grcu;) ts useo :or the protection of an u- 
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amino group, the sidechain carboxyl group of e.g. aspartic acid or glutamic acid may be protected as a tert- 
butyl ester or a trityl ester, the- hydroxy, group of e.g. tyrosine, serine or threonine may be protected as a 
tert-butyl ether, the sidechain amino group of e.g. lysine or ornithin and the imidazolyl group of histidine 
may be protected by a Boc group, the mercapto group of cysteine may be protected by ?. trityl group, and 
5 the guanidino group of arginine may be protected by a pentamethylchromansuifonyl group, so that these 
protective groups are stable under the conditions for the removal of the Fmoc group, and after the 
cyclization of the fin ar pentapeptide, all such protective groups can be simultaneously deprotected with 
mild acid such as TFA. On the other hand, when the Boc group is used for the protection of the a-amino 
group, the sidechain carboxyl group of e.g. aspartic acid or glutamic acid may be protected as a benzyl 

w ester, the hydroxyl group of e.g. tyrosine, serine or threonine may be protected as a benzyl ether, and the 
sidechain amino group of e.g. lysine or ornithine and the imidazolyl group of histidine may be protected by a 
Z group, so that these protective groups are stable under the conditions for removing the Boc group, and 
after the cyclization of the linear pentapeptide, all such protective groups can be simultaneously removed 
by, for example, catalytic hydrogenation, treatment with hydrogen fluoride or treatment with trimethylsilyl 

is trifluoromethanesulfonatethioanisole-TFA (Chem. Pharm. Bull.. 35, 3447-52 (1987)). 

Cleavage of the linear pentapeptide from the resin after the" removal of the N-terminal protective group, 
can be conducted by various methods well known to those skiiled in the art. For example, cleavage of the 
peptide from the resin with hydrazine affords the corresponding hydrazide. The hydrazide can be cyclized 
via an azide to afford the desired cyclic pentapeptide. The hydrazide is converted to the corresponding 

20 azide by treatment with a reagent which supplies nitrous acid in site. As a reagent suitable for this purpose, 
there may be mentioned a lower alkyl ester of nitrous acid (such as tert-butyl nitrite or isoamyl nitrite) or an 
alkali metal salt of nitrous acid (such as sodium nitrite or potassium nitrite) in the presence of strong acid 
such as hydrochloric acid or sulfuric acid. This reaction can be conducted at ca. -40 *C to 20 "C in water 
and/or non-aqueous solvent such as DMF, THF or 1.4-dioxane. On the other hand, when a solid phase 

25 synthesis is conducted by use of a p-alkoxybenzyl alcohol resin as an insoluble carrier, it is possible to 
obtain a linear peptide having a carboxyl group as the C-terminus (the sidechain functional groups may be 
protected as the case requires) by cleavege the peptide with mild acid such as TFA. Such a linear 
pentapeptide can be cyclized into a cyclic pentapeptide by treatment with a condensing reagent such as 
OCC (or EDCrHCI)-HOBT*H 2 0 or diphenylphosphoryl azide in DMF, THF, 1,4-dioxane, acetonitrile. 

30 dichloromethane or chloroform at ca. -40 "C to 20* C. Such cyclization is conducted preferably under high 
dilution conditions, since the intermofecular reaction is likely to take place in competition *ith the 
intramolecular reaction. When the cyclic pentapeptide thus obtained has protective groups in its sidechains, 
the protective groups can be removed by suitable methods. The cyclic pentapeptide thus obtained may be 
led to a salt of alkali metal or alkaline earth metal such as sodium, potassium or calcium, an addition salt 

35 with basic amino acid such as lysine or arginine. an acid addition salt with mineral acid such as hydrochloric 
acid or sulfuric acid, an acid addition salt with acidic amino acid such as aspartic acid or glutamic acid, or an 
acid addition salt with organic acid such as maleic acid, fumaric acid, tartaric acid, malic acid or citric acid. 

On the other hand, the linear pentapeptide may be also prepared in a liquid phase by known methods 
wherein an amino acid is condensed one by one. by a method wherein condensation products of plural 

40 amino acids are condensed with each other, or by a combination of such methods. 

The protective groups for the N-terminal a-amino group, the C-terminal a-carboxyl group and the 
reactive functional groups of the sidechains of the linear pentapeptide should be selected according to the 
cyclization method of the linear pentapeptide. 

For example, in the case of an azide rneihod wherein the linear pentapeptide is led to a hydrazide and 

45 then cyclized via an azide, it is preferred to protect the N-terminal a-amino group with a Z group, the C- 
terminat a-carboxyl group as an ester such as a methyl ester, an ethyl ester or a benzyl ester and the 
sidecnain reactive functional groups such as the carboxyl group of e.g. aspartic acid or guitamic acid as a 
tert-butyl ester or a trityl ester, the hydroxyl group of e.g. tyrosine, serine or threonine as a tert-butyl ether, 
the amino group of e.g. lysine or ornithine with a Boc group, the imidazolyl group of nistiJ.ne or the 

so mercapto group of cysteine with a trityl group, and the guanidino group of arginine with a pentamethylch- 
romansuifonyl group. Namely, the full-protected linear pentapeptide obtained after the peptide-condensation 
is allowed to react with hydrazine to afford the corresponding hydrazide. whose N-terminal Z group s 
successively removed by catalytic hydrogenation. Under these reaction conditions aie intact the protective 
groups of the sidechain functional groups. Then, after the cyclization reaction, all such sidechain protective 

55 groups can be deprDtected with mild acid such as TFA. In the case where the peptide has no reactive 
functional groups at its sidechains. it is also possible to select a Boc group as the protective group for the N- 
terminal a-aminogioup in the azide method. 

The N-terminal deprotected linear pentaprisms hvirajide obta»'ea bv th* 'i^wo phase method may be 

•3 
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subjected to cyclization via an azide in the same manner as the hydraz»de obtained by the solid phase 
method, to afford a cyclic pentapeptide. 

In the case where after the removal of the protective group for the N-terminal a-amino group and the C- 
terminal a-carboxyl group, th linear pentapeptide is cyctized by treatment with condensing reagents such 
5 as OCC (or EDCI*HCl)-HOBT*H:0 or diphenylphosphorylazide. it is preferred to protect the N-terminal a- 
amino group with a Boc group, the C-terminal a-carboxyl group as a tert-butyl ester or a phenacyl ester, and 
the sidechain reactive functional groups such as the carboxyl group of e.g. aspartic acid or gultamic acid as 
a benzyl ester, the hydroxyl group of e.g. tyrosine, serine or threonine as a benzyl ether, and the amino 
group of e.g. lysine or ornithine, the imidazolyl group of histidine and the indolyl group of tryptophan with a 

io Z group. Namely, in the case where the C-terminus of the protected linear pentapeptide obtained after the 
condensation is a tert-butyl ester, the Boc group of the N-terminus and the tert-butyl ester of the C-terminus 
can be simultaneously removed without removing the sidechain protective groups, by use of mild acid such 
as TFA. In the case where the C-terminus is a phenacyl ester, the Boc group of the N-terminuscan be 
removed by use of mild acid such as TFA and the phenacyl ester of the C-terminus can be removed by use 

f5 of zinc/acetic acid, without removing the sidechain protective groups. In each case, all such sidechain 
protective groups can be removed after cyclization by a method such as catalytic hydrogenation. Further, in 
the case where the N-terminal a-amino group is protected by a Z group and the C-terminal a-carboxyl group 
is protected as a benzyl ester or a phenacyl ester, the sidechain reactive functional groups may be 
protected in such manner that the carboxyl group of e.g. aspartic acid or glutamic acid be protected as a 

20 tert-butyl ester or a trityl ester, the hydroxyl group of e.g. tyrosine, serine or threonine be protected as a tert- 
butyl ether, and the amino group of e.g. lysine or ornithine and the imidazolyl group of histidine be protected 
with a Boc group, so that these sidechain protective groups will not be removed under the conditions for the 
removal of the protective groups for the N-terminal a-amino group and the C-terminal a-carboxyl group. After 
the cyclization. all such sidechain protective groups can be removed by use of mild acid sucn as TFA. 

25 The linear pentapeptide thus obtained can be subjected to cyclization by treatment with condensing 
reagents in the same manner as the linear pentapeptide obtained by the solid phase method, to afford a 
cyclic pentapeptide. Otherwise, such a linear pentapeptide may be led to an active ester such as a p- 
nitrophenyl ester or an N-hydroxysuccinimide ester with the protected N-terminal a-amino group, and then 
the resulting active ester can be cyclized by the deprotection of the N-terminal a-amino group. 

30 If necessary, the cyclic pentapeptide whose sidechain functional groups may be protected, or a salt 
thereof, may be further subjected to formylation, alkoxycarbonylation or alkoxycarbonylalkyfation of the 1- 
position of the indole ring of tryptophan, conversion of the alkoxycarbonyl group in the substituent at the i- 
position of the indole ring of tryptophan to a carboxyl group or a carbamoyl group, formylation of the 
sidechain amino group of lysine or ornithine, or oxidation of methionine to methionine sulfoxide or 

35 methionine sulfone. 

The formylation of the 1 -position of the indole ring of tryptophan can be performed, for example, by 
treating a cyclic pentapeptide containing tryptophan with formic acid saturated by hydrogen chloride at 
-20 "C to room temperature. The alkoxycarbonylation or the alkoxycarbonylalkylation at the 1 -position of the 
indole ring can be conducted by treating the cyclic peptide with the corresponding acid halide. aoJ 

40 anhydride or alkyl halide by using phase transfer catalysts as described in the literature (Synthesis. 387 
(1979)) or using DMAP as catalysts (J. Chem. Soc. Chem. Commun.. 1699 (1984)). The conversion of the 
alkoxycarbonyl group in the substituent at the 1 -position of the indole ring of tryptophan to a carboxyl group 
can be conducted by usual alkali or acid hydrolysis, and the conversion to a carbamoyl group can be 
conducted by amidation with the corresponding amine. Further, formylation of the sidechain amino group of 

j 5 lysine or ornithine can be conducted, for example, by treating a cyclic pentapeptide containing lysine or 
ornithine with 1 to 10 equivalents of formic pivalic anhydride at O'C to room temperature in solvent such as 
OMF or acetonitrile. On the other hand, the conversion of methionine to methionine sulfoxide or methionine 
sulfone can be conducted, for example, by treating 3 cyclic pentapeptide containing methionine (provided 
that when amino acid residues having sidechain functional groups susceptible to oxidation ^;he." tl^.an the 

so methionine are contained, such sidechain functional groups are preferably protected by suitable protective 
groups) with hydrogen peroxide or peroxy acid such as peracetic acid at O'C to 80 *C in solvent such as 
acetic acid. By properly controlling the amount of oxidizing reagent, the ieaction temperature and the 
reaction time, it is possible to obtain selectively either methionine sulfoxide or methionine sulfone. Further, 
methionine sulfone can be obtained by further treating methionine sulfoxide un^er the above-mentione*- 

55 taction conditions. 

The cyclic pentapeptide thus obtained may be subjected, if necessary, to removal of protective groups, 
jnd may be subjected to formation of a salt or exchange of a salt, as tho case requires, to afford a desired 
cyclic ptriitapepiiae of the present invention or a phaimaceutically acceeuhie s=.t :<v {: ?of 
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Mow, the endothelin antagonistic properties of the cyclic pentapeptides of the present invention will be 
desooed. 

Endothelin binding inhibition test 



The smooth muscle tissue of porcine aorta was homogenized in a buffer solution of 10 mM MOPS. pH 
7.4, at 4 C by a polytron. To th homogenate, sucrose was added to a concentration of 20%, and the 
mixture was centrifuged at 1.C00 x g for 15 minutes, and the supernatant was further centrifuged at 10.000 x 
g for 15 minutes. The supernatant thereof was further centrifuged at 90.000 x g for 40 minutes. The 
membrane precipitate thereby obtained was suspended in a buffer solution of 5 mM HEPES/Tris, pH 7.4, at 
a concentration of 25 mg/mt. 

Then, 16 pi of this membrane suspension was added to 340 pi of 50 mM Tris/HCI buffer, pH 7.4. 
containing 10 /jM calcium chloride, 10 pM magnesium chloride. 0.1 mM PMSF. 1 ^M pepstatin A. 2 /*M 
leupeptin, 1 mM 1,10-phenanthroline and 0.1% bovine serum albumin. To this suspension, 4 ^ t of (A) 
endothefin-1 (for nonspecific binding: 0.2 /iM as the final concentration); (B) buffer solution A (for total control 
binding), or (C) a test compound (1.1 M M as the final concentration), was added. Further, to each 
suspension. 40 of 12S l-endothe!in-1 (12000-18000 cpm) was added. These mixtures were incubated at 
25 ' C for 4 hours, then subjected to filtration on a glass filter GF/C and then washed with 5 mM HEPES/Tris, 
pH 7.4, containing 0.3% bovine serum albumin. Then, the radioactivity trapped by the glass filter was 
measured, and the 125 l-endothelin-1 binding inhibition D (%) at 1.1 *iM of the test compound was determined 
by the following equation. 

d (%> » ioo - ; r ; \ r * ioo 

(B) - (A) 

Each test was performed in triplicate. 

As shown in Table 1 . the compounds of the present invention were found to be very potent inhibitor of 
endothelin binding. The test compounds are indicated by Example Nos. 
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Table 1: 125 I-endothelin-l binding inhibition by 1.1 /<M 
of the test compounds 



Example No. 


Inhibition (%) 


Example No. 


Inhibition (%) 


1 


19 


24 


78 


2 


78 


25 


74 


3 


85 


26 


75 


4 


74 


27 


66 


5 


81 


28 


51 


6 


72 


29 


15 


7 


27 


30 


72 


8 


37 


31 


80 


9 


30 


32 


87 


10 


54 


33 


77 


11 


74 


34 


83 


12 


75 


35 


79 


13 


85 


36 


67 


14 


75 


37 


38 


15 


85 


38 


21 


16 


77 


39 


18 


17 


75 


40 


66 


18 


69 


41 


83 


19 


70 


42 


79 


20 


65 


43 


85 


21 


73 


44 


56 


22 


75 


45 


85 


23 


72 


46 


75 
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Table 1 (continued) 



Example No. 


Inhibition (%) 


Example No. 


Inhibition (%) 


47 


89 


71 


80 


43 


71 


72 


79 


49 


67 


73 


85 


50 


57 


74 


89 


51 


84 


75 


87 


52 


64 


76 


84 


53 


89 


77 


78 


54 


65 


78 


85 


55 


81 


79 


88 


56 


84 


80 


83 


57 


65 


81 


86 


58 


84 


82 


81 


60 


79 


83 


82 


61 


66 


84 


43 


62 


60 


85 


82 


63 


84 


86 


90 


64 


83 


87 


34 


65 


85 


88 


78 


66 


38 


89 


67 


67 


82 


90 


35 


68 


86 


91 


23 


69 


85 


92 


28 


70 

t — 


85 








Activities against enoothelin-induced contraction of isolated piocine coronary arteries 



The coronary artery of pig was extracted, and a spiral preparation having a width of i mm and a length 
c; 10 mm /.as prepared therefrom. The preparation having the endothelial cells denuded, was hanged in a 5 
m* organ oath filled with a Krobs* Henseleit solution saturated with a gas mixture of 95°o and 5% CO:. 

ihe Change m the tension a as is^r.etncaHy measured and recorded. 

ft;ir:otPeiin- 1 was added into oivjan oath m a cumulatively increasing manner, wheieby the influence 



EP 0 436 189 A1 



c* the compound of the present invention tc the concentration-response curve for endothelin-1 was 
e.^mined. The compound of the present invention was added into the organ bath 20 minutes prior to the 
addition of endothelin-1. 

As shown in Figures 1 to 3. the compound of Example 12 (3 ^M) (Figure 1), the compound of Example 
5 15 (2 pM) (Figure 2) and the compound of Example 3 (2 /iM) (Figure 3) remarkably shifted the concentration- 
response curves of endothelin-1 to the right and did not affect the maximum response. Further, the 
compounds of the present invention snowed no activities to the isolated coronary artery when applied alone. 
As is evident from the above, the compounds of the present invention showed remarkable antagonistic 
activities against endothelin-induced contraction of isolated procine coronary artery. 

w 

Activities against endothelin-induced contraction of isolated guinea pig trachea 



The trachea of a guinea pig was extracted, and the trachea was cut into rings to afford the preparation. A 
preparation having the endothelial cells denuded, was hanged, in a 5 ml organ bath filled with a 
/5 Krebs*Henseleit solution saturated with a gas mixture of 95% O2 and 5% CO2. and the change in the 
tension was isometrically measured and recorded. 

Endothelin-1 was added into the organ bath in a cumulatively increasing manner, and the influence of 
the compound of the present invention to the concentration-response curve for endothelin was examined. 
The compound of the present invention was added into the organ bath 20 minutes prior to the addition of 
20 endothelin-1. 

As shown in Figures 4 and 5. the compound of Example 15 (2 pM) (Figure 4) and the compound of 
Example 3 (6 ^M) (Figure 5) remarkably shifted the concentration-response curves for endothelin-1 to the 
right in isolated trachea and did not affect the maximum response. Further, the compounds of the present 
invention showed no activities to the isolated trachea when applied c.'one. As is evident from the foregoing. 
25 the compounds of the present invention showed remarkable antagonistic activities against endothelin- 
induced contraction of isolated guinea big trachea. 

Effects on the increased perfusion pressure induced by endothelin in isolated rat heart 



30 The heart of a male Sprague Dohrie (SD) rat was extracted, and the perfusion pressure was measured 
and recorded by a langendorff s method. The perfusion pressure was evaluated on the basis that the state 
where a Krebs*Henseleit solution saturated with a gas mixture of 95% O2 and 5% CO2 was infused at a rate 
of 10 mt -min. was taken as a standard. 

Endothelin- 1 was cumulatively added to the perfusate, whereby the influence of the compound to the 

35 concentration-response curve for endothelin-1 was examined. The compound of the present invention which 
was dissolved in the perfusate had been infused from 20 minutes prior to the addition of endothelin-1 till just 
after finishing measurement of the concentration-response curve for endothelin-1. 

As shown in Figure 6. the compound of Example 3 (1 ^M) moved the concentration-response curve for 
endothelin-1 to the right and did not affect the maximum response. Further, the compound of the present 

40 invention did not affect the perfusion pressure when applied alone. As is evident from the foregoing, the 
compound of the present invention showed remarkable antagonistic activities against the increased perfusion 
pressure induced by endothelin. 

Activities against endothelin-induced contraction of isolated porcine basilar artery 

The arteria basilaris of pig was extracted, and then a ring preparation with a width of 4 mm was 
prepared. After denuded the endothelial cells, the preparation was hanged in a 5 mt organ bath filled with a 
Krebs'Henseieit solution saturated with a qas moture of 95% O; and 5% CO:, and the change in the 
tension was isometrically measured and recorded. 
■50 Endothelin- 1 was added into the organ bath in a cumulatively increasing manner, whereby the influence 
of the compound of the present invention to the concentration-response curve for endothelin-1 was 
examined. The compound of the present invention was added into the organ bath 20 minutes prior to the 
addition of endotho-im-l . 

As shown m Figure 7. the compound of Example 3 (2 ^M) remarkably shifted the concentration-respunse 
55 curve for endotnei'n-! to the right and did not affect the maximum response. Further, the compound of the 
present invention snowed no activities to the isolated basilar artery when applied alone. As is evident from 
the foregoino. the compound of the piesent mvontion e^hibired remarkable antagonistic activities against 
endomrrim-u: : ccrvj action of isolated cv.:pc: basilar atte.-v 
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VtivitiQS Hijair.st an oncjotr.Mn shrvi* 

To a male ddy mouse, endotoxin tLioopoiysacchareio denvod Uom E coli 055 B5) dissolved m a 0 15% 
sodium hydrogenc&ibonate aqueous solution was >r.iiavi?nousiy administered via the tail vo-.n at a dos of 30 
^ mg kg, whereupon a distinct body temperature io*-pnng effect *as observed As shown in Figure 8, 
intraperitoneal administration of the compound of Example 15 < 100 mg kg) 30 minutes prior to and 30 
minutes subsequent to the administration of endotoxin showed remarkable antagonistic activities against the 
endotoxin-induced body t6mporaturo lowering cHect. 

The intravenous administration of endotoxin via the tail vein at a high dose (100 mg.kg) killed mice in all 
w cases (10' 10) within 48 hours. By the same treatment with the compound of Example 15. a distinct reduction 
in the mortality *as observed, and mice in five cases out of ten cases survived even after 96 hours from the 
administration of endotoxin (Table 2). 



' 5 Table 2: Inhibitory effect of the compound of the 

present invention on the endotoxin-induced 
mortality rate in mice 



20 






Survived 


number/number of 








the tested animals 


( survival 






Dose 


rate(%) ) 






rs 


Drug 


(mg/kg) 
(i.p.) 


Time after administration of 






endotoxin (hr) 




30 






24 


48 


96 




Solvent * 


C 


8/10 (80) 


0/10 (0) 


0/10 (0) 


35 


Compound of 
Example 15 


100 x 2 


10/10 
(100) 


6/10 (60) 


5/10 (50) 



* : 0.15% sodium hydrogencarbonate aqueous solution 

•JO 

As is evident from the foregoing, the compound of the present invention showed remarkable antagonistic 
activities against the endotoxin shock. 

Thus, the compounds of the present invention have excellent endothelin antagonistic activities and are 
useful as vasodilators or bronchodilators in the field of medicines, and they can be drugs for treating 
-5 hypertension, acute renal failure, myocardial infarction, angina pectoris, cerebral infarction, cerebral vasosp- 
asm, asthma, endotoxin shock, endotoxin-induced multiple organ failure or disseminated intravascular 
coagulation, and-or cyclosporin-induced renal failure or hypertension. When used as drugs for treating such 
diseases, the compounds of the present invention can to used alone or in combination with other drugs for 
treatment. 

so The compounds of the present invention may be used in the form of drug formulations suitable for 
parenteral administration, oral administration or external administration by mixing them with solid or liquid 
excipient carriers known in this field. The drug formulations include a liquid formulation such as an injection 
formulation, an inhalant formulation, a syrup formulation or an emulsion, a solid formulation such as tablets, 
capsules or granules, and an external drug such as an ointment or a suppository. Further, these drug 

55 formulations may contain additives which are commonly employed, such as an adjuvant, a stabilizer, a 
wetting agent, an emuisifier, an absorption-promoting agent or a surfactant, as the case requires. As the 
additives, distilled water for injection, physiological sahoe. Pinge*'* solution, glucose, sugar syu;o. gelatin, 
vegetable oil. cacao bu;*er. ethylene glycol, hydro*vP'^>Pyi ..'■-^uK^e. 'aciose. suciose. com starcn. magne- 
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sium stearate and talc may be mentioned 

The dose o( the compound of the present invention as an enoothelin antigonis vanes depending upon 
the manner of administration, (he age and body weight of the patient and the condition of the patient to be 
treated. However, a typical administration method for an adult is oral administration or paronteral admmistra- 
5 tion. The daily dose m the case of oral administration to an adult patient is from 0.1 to 100 mg kg body 
weight, and the daily dose in the case of parenteral administration is from 0 01 to 10 mg kg body weight. 

Now. the present invention will' be described m further detail with reference to Examples. However, it 
should be understood to such specific Examples. 

w EXAMPLE 1 

cyclo(-DTrp-DGtu-Ser-DVal-Leu-) 

(1-a) DVal-Leu-OBzrp-TsOH 

75 

To a solution of Leu-OB2l'p-TsOH(2.06g), Boc-DVal (i.09g). HOBT-H ? O(0.80g) and N- 
methylmorpholine(0.55ml) in dichloromethane(lOml) was added EDCI'HCI(t.Olg) under ice cooling. The 
resulting mixture was stirred at room temperature for 5h. Saturated NaHCOaOOml) was added, and the 
mixture was extracted with dichloromethane(50mU3). The combined organic layers were dried over MgSO* 

20 and filtered. The solvent was evaporated under reduced pressure. The residue was purified by dry column 
flash chromatography on silica gei(Merck, Kieselgel 60) with hexane-EtOAc(2'l) for elution to give Boc-Oval- 
Leu-OB2l(2.03g) as a colorless powder. The dipeptide(l 47g) was added by portions to TFA(3.5ml) under ice 
cooling. The mixture was stirred under ice cooling for 30min and concentrated in vacuo. To the residue was 
added saturated NaHCOj(lOml) and the mixture was extracted with dichloromethane(50mi * 3). The com- 

25 bined organic layers were dried over MgSO* . filtered and concentrated under reduced pressure. The residue ■ 
was dissolved in methanol(5ml) and treated with p-TsOH"H 2 O(700mg). Ether(iOOml) was added to the 
solution. The resulting precipitate was collected by filtration and dried in vacuo to give DVal-Leu-OBzfp- 
TsOH(t .6g) as colorless needles. 

30 Q-b) Boc-Ser-DVal-Leu 

To a solution of DVal-Leu-OB2Cp-TsOH(394mg). Boc-Ser(l64mg). HOBT'H : 0(i29mg) and N-methyl- 
morpholine (88^1) in dichloromethane{1 .6ml) was added EDCfHCI (I6lmg) under ice cooling. The reaction 
mixture was stirred at room temperature for 3h. Saturated NaHCOs (2ml) was added and the mixture was 

as extracted with dichloromethane(15mU3). The combined organic layers were dried over MgSO*. filtered and 
concentrated under reduced pressure. The residue was purified by dry column flash chromatography on 
silica gel(Merck, Kitselgel 60) with dichloromethane.methanol(50;l) for elution to give a solid. The solid was 
dissolved in chloroform and precipitated with hcxane to give Boc-Ser-OVal-Leu-082!(355mg) as a colorless 
powder. The tripeptide(330mg) was dissolved in THF(3.3ml) and i0°b Pd C(33mg) was added. The mixti ;e 

jo was vigorously stirred at room temperature under an atmosphere of hydrogen(under atmospheric pressure) 
for 2h. The reaction mixture was filtered and the filtrate was concentrated under reduced pressure. Saturated 
NaCI (2ml) was added to the residue and the mixture was extracted with EtOAct20mu3). The combined 
organic layers were dried over MgSO*. filtered and concentrated under reduced pressure to give a solid. 
The solid was dissolved in chloroform and reprecipitated with hexane to give Boc-Ser-DVal-Leu(246mgt as a 
colorless powder. 

1 1 -ci D Trp(Z)-OGlu(OBzl)-0'Bu 

To a solution of Boc-DTrp<274mg|. DGluiOBJi-O'Bu (26*4mg) and HOST'!* OiMSmg) m 
-.0 dicnloromethanep 8ml) was added EDCI* HC!<i8imgi under ice cooling. The reaction mixture was stirred ai 
room temperature (or 2h ana saturated NaHC0jt2mh was aooeo. The mixture *as extracted w;th 
acnlGfOmethanet20tnl . 3'i The combined organic layers weie dried over MgSO*. fiitereo and concentrated 
under reouced pressure The residue was purified by dry column Hash chromatography on siiiC3 gel(Merck. 
Kieselgel 60) with chloroform tnemanoKSO i) for elution to give 8oc-DTip-DGij(OBjr,-0'3u(492mg) as a pale 
i'iiiOA powder. The powdeM232mg) and tetrabutyiammonium hydrogen suifatet i 4mgi were dissolved m 
senior omethane(2ml> and pu! verged NaOH(26mg» was added To me mixtu.-e was added oenjyi chioiofor- 
:v,a:e i 36 - ! ) under :ce coding and the resulting mi»un£ was stmeo unoer «ce cooling tor in A;:er an adoition 
*>' satin ated NaHCO .< J: v ..i :no lOjciton mi<;my c^u^w^ * m ^u'-'^u'ivcttu.'Oi JO-"- • j» i>e eomrmed 
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organic layers were dried over MgSO*. filtered and concentrated under reduced pressure. The residue was 
purified by dry column flash chromatography on silica gel(Merck. Kieselgel 60) with hexane/EtOAc(4/l) for 
elution to give Boc-DTrp(z)-DGIu(OBzl)-0*Bu(258mg) as a colorless powder. The powder(250mg) was added 
by portions to TFA(1.8ml) under ice cooling and the resulting mixture was stirred under ice cooling for lOmin 
5 and concentrated in vacuo. Saturated NaHC03<2m1) was added to the residue and the mixture was extracted 
with dichloromethane(20mU3). The combined organic layers were dried over MgSOt, filtered and con- 
centrated under reduced pressure. The obtained crude oil was purified by dry column flash chromatography 
on silica gel(Merck, Kieselgel 60) with dichtoromethane/methanol (50/1) for elution to give DTrp(z)-DGIu- 
(OBzl)-0'Bu(l93mg) as a pale yellow oil. 

w 

(1-d) cyclo(-DTrp-DGIu-Ser-DVal-Leu-) 

To a solution of DTrp(Z)-DGIu(OBz1)-0'Bu(184mg, prepared in Example(l-c)), Boc-Ser-DVal-Leu(125mg t 
prepared in Example(l-b)) and HOBT*H 2 0(5lmg) in dichloromethane (1ml) was" added EDCI*HCI(63mg) 

is under ice cooling. The reaction mixture was stirred at room temperature for 2h and saturated NaHCOoOml) 
was added. The mixture was extracted with dichloromethane(15mlx3). The combined organic layers were 
dried over MgSO*, filtered and concentrated under reduced pressure. The residue was purified by dry 
column flash chromatography on silica gel(Merck, Kieselgel 60) with chloroform/methanol(50/l) for elution to 
give a solid. The solid was dissolved in chloroform and reprecipitated with hexane to give Boc-Ser-DVal-Leu- 

20 DTrp(Z)-Glu(OBz1)-O'Bu(270mg) as a colorless powder. The powder(8lmg) was added by portions to TFA- 
(0.8ml) under ice cooling and the mixture was stirred at room temperature for 1 .5h. TFA was removed in 
vacuo and the residue was dissolved in methanol and precipitated with water to give Ser-DVal-Leu-DTrp(Z)- 
DG!u{OBz!)(58mg) as a colorless powder. The powder(77mg) was dissolved in DMF(4.5ml) and the solution 
was added dropwise over a period of 1.5h to a solution of HOBT # H 2 0(21mg) and EDCI*HCI(2lmg) in DMF- 

25 (4.5ml). The reaction mixture was stirred at room temperature for I7h and concentrated in vacuo. The 
residue was washed successively with saturated NaHC03, IN HCI and water, and dried in vacuo to give 
cydo(-DTrp(Z)-DGIu(OBzl)-Ser-DVal-Leu-)(65mg) as a colorless powder. To a solution of the cyclic 
pentapeptide(34mg) in DMF(2ml) was added 10% Pd/C(17mg). The mixture was vigorously stirred at room 
temperature under an atmosphere of hydrogen(under atmospheric pressure) for 2h and filtered through 

30 Celite. The filtrate was concentrated in vacuo. The residue was triturated with water. The obtained precipitate 
was collected by filtration, washed with water and dried in vacuo to give the title compound(16mg) as a pale 
brown powder, 
m.p.: 275 # C(dec.) 

IR(KBr.cm " ): 3400.3292.2962, 1 662, 1 647, 1 539,74 1 
35 High Resolution FAB-M3(m'e,(C 3 oH4 2 N6 08 + H)*): 
Calcd : 615.3142 
Found : 615.3127 

'* H-NMR(300MHz,DMSO-d s . 5 ppm):0.65(3H,d,J = 6.6Hz), 0.74(3H.d. J = 6.6Hz),0.82(3H,d.J = 6.6Hz).0.83- 
(3H,d.J = 6.6Hz),1. 00-1. 10(1 H,m),1. 15-1. 30(2H,m),1.75-2.05(3H, m),2.05-2.30(2H 1 m) t 2 Q2 

40 (lH,dd.J = 1 1.5Hz.14.2Hz),3.25 (1 H.dd.J = 3.0Hz, 14. 2Hz). 3. 40-3. 55(1 H,m). 3. 65-3. 75(1 H, m),4.05-4.20(2H,m)- 
,4.20-4.45(3H.m),4.67(lH,brs).6.96 (1 H.t.J = 7.5Hz).7.05(1H,U = 7.5Hz).7.12(1 H,d J = 1 .5Hz), 7.31- 

( 1 H.d J = 7.5Hz),7.44(1 H.d.J = 7.5Hz),7.48(1 H.d J = 9.5Hz),7.54<1 H.d.J = 7.5Hz).8.47( 1 H.d.J = 6.6Hz).854( 1 H. 
rf.J = 7.9Hz),8.69(1 H,d,J\= 8.3Hz), 10.79(1 H.d.J = 1 .5Hz) 

,•5 EXAMPLE 2 

cyc lot-DTrp-DCys(Q 3 Na)-Ala-DVal-Leu-) 

To a solution of DVal-Leu-OBzl*p-TsOH(375mg. prepared in Example(l-a)}. 3u .-AI?(U4mg), 
50 HOBT"H;0 (122mg) and N-methylmorpholine(84,,l) in dichloromethane (t.6ml) was added EDCI'HCl- 
(!53mg) under ice cooling. The reaction mixture was stirred at room temperature for 2h and saturated 
NaHCOj was added. The mixture was extracted with dich!oromethane(l5ml * 3). The combined organic 
layers were dried over MgSO^ filtered and concentrated under reduced pressure. The residue was purified 
by dry coiumn flash chromatography on silica gel(Merck, Kieselgel 60) with chloroform methanol(50. 1) for 
55 elution to give 8oc-Ala-DVal-Leu-O8zl(306mg) as a colorless powder. The powder(300mg) was added by 
portions to TFA( 1.2ml) unoer ice cooling and the reaction mixture was stirred at the same temperature for 
20mm TFA was removed in vacuo Saturated NaHCOi (2ml) was added to the residue and the mixture was 
i- • Ji-'tv^ ■•vith dichtcromethanet ! 5ml • 3). The combined organic !aveis wuie dried Over MgSOi. Sltoied and 
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concentrated under reduced pressure to give Ala-DVal-Leu-08zl(233mg) as a colorless powder. To a 
solution of the tripeptide(157mg). Boc-DCys(0 3 Na)(1 17mg) and HOBT*H 2 0(67mg) in DMF(0.8ml) was 
added EDCI'HCI (84mg) under ice cooling. The reaction mixture was stirred at room temperature for 20h 
and concentrated in vacuo. To the residu was added saturated NaHC03(2ml) and the mixture was extracted 

5 with EtOAc(20mU3). The combined organic layers were dried over Na2SOt, filtered and concentrated under 
reduced pressure. The residue was purified by dry column flash chromatography on silica gel(Merck. 
Kieselgel 60) with dichloromethane/methanol<lGVl) for elution to give Boc-DCys(03Na)-Ala-DVal-Leu-OBzl- 
(2l0mg) as a colorless powder. The powder(lOOmg) was added by portions to TFA (0.75ml) under ice 
cooling and the mixture was stirred under ice cooling for ih. TFA was removed in vacuo. To the residue was 

jo added IN NaOH(0.15ml) and the mixture was concentrated in vacuo to give crude DCys(03Na)-Ala-DVal- 
Leu-OBzl(108mg) which was used without further purification in the next step. To a solution of the crude 
tetrapeptide(108mg), Z-DTrp(51mg) and HOBT'H 2 0 (25ml) in DMF(0.3mI) was added EDCI'HCI(32mg) 
under ice cooling. The reaction mixture was stirred at room temperature for 2h and concentrated in vacuo. 
To the residue was added saturated NaHC03(lml) and the mixture was extracted with EtOAc(l0mU3). The 

*s combined organic layers were dried over Na^SO*. filtered and concentrated under reduced pressure. The 
residue was purified by dry column flash chromatography on silica gel (Merck, Kieselge 1 60) with 
dichloromethane/methanol (10/1) for elution to give Z-DTrp-DCys(03Na)-A!a-DVal-Leu-OBzl(l lOmg) as a 
colorless powder. The powder(97mg) was dissolved in OMF(0.55ml) and 10% Pd/C (29mg)was added. The 
resulting mixture was stirred vigorously at room temperature under an atmosphere of hydrogen(under 

20 atmospheric pressure) for 3h. and filtered. The filtrate was concentrated in vacuo to give DTrp-DCysfChNa)- 
Ala-DVal-Leu(63mg) as a colorless powder. A solution of the pentapeptide(33mg) in DMF (2.5ml) was added 
dropwise to a solution of HOBT*H 2 0 (12mg) and EDCI*HCI(14mg) in DMF(2.5ml) over a period of 1.5h. The 
reaction mixture was stirred at room temperature for 2h and concentrated in vacuo. The residue was purified 
by reverse-phase column chromatography(NACALAI TESQUE. Cosmosil 75 Cig-OPN) with meihanoi.Vvaler- 

25 (4 ; 1) for elution to give the title compound(17mg) as a colorless powder, 
m.p.: >300* C 

IFKKBr.cm- 1 ): 3450.2920, 1 647. 1 560. 1 386. 1 047 
High Resolution FAB-MS(m/e.(C28H4cN 6 0sS + H)*): 
Calcd : 621.2695 

30 Found: 621.2726 

: H-NMR(300MHz.DMSO-ds, 5 ppm):0.69 (3H,d.J = 6.1 Hz), 0.76(3H,d J = 6.1 Hz),0.8l(3H,d,J = 6.7Hz).0.84- 
(3H.d.J = 6.7Hz). 1 . 1 2(3H,d,J = 6.9Hz). 1 .05- 1 .20(1 H,m), 1 .20- 1 .35 (2H,m). 1 .80- 1 .90( 1 H.m>,2.78- 

(1 H.dd.J = 3.6Hz, 13.1 Hz). 2.91 (1 H.dd.J = 10.5Hz. 14.6Hz), 3.1 1(1 H.dd.J =8.8Hz. 13.1 Hz).3.22- 

(1 H.dd.J = 2.4Hz. 1 4.6Hz).4.08( 1 H.ddJ = 8:0Hz. 8.9Hz).4. 1 5-4.30(2H,m).4.35( 1 H.quint.J = 7.2Hz).4.40 -4.50- 

35 (1H.m).6.96(1H,t.J = 7.5Hz),7.G4(1H,t,J = 7.5Hz).7.l8 (1 H.s).7.30(1 H,d,J = 7.5Hz),7.52(1 H.d.J = 7.5Hz).7.72(1 H. 
d.J = 7.0Hz),7.88(1 H.d.J = 8.9Hz).8.06(1 H.d.J = 7.4Hz).8.1 5 (1 H.d.J = 7.2Hz).8.72(1 H.dJ = 7.6Hz). 1 0.77( 1 H.s) 

EXAMPLE 3 

so cyclo<-DTrp-DCys(0 3 Na)-Pro-DVal-Leu-) 

Boc-DTrp-0Cys(O3Na)-Pro-DVal-Leu-OBzl(322mg) prepared in the same manner as described in Ex- 
maple 2 was dissolved in OMF(l.Oml) and hydrazine monohydrate(75>J) was added. The reaction mixture 
was stirred at room temperature for 22h and concentrated in vacuo. The residue was purified by reverse- 

-•5 phase column chromatography(NACALAI TESQUE, Cosmosil 75 C^-OPN) with methanol water( t 1) for 
eiution to give the corresponding hydiazide(l49mg) as a colorless solid. The hydrazide(l49mg) was 
Dissolved in TFAEDT(VV. 95^5. 20ml) and the mixture was stirred under ice cooling for I5min. The reaction 
mixture was concentrdtea under reduced pressure and the resulting residue was purified by reverse-phase 
column chromatography(NACALAI TESQUE, Cosmosil 75 C^-CPN) with methanol water*2 for ^'uiion to 

so give DTrp-DCys(O3H)-Pro-DVal-Leu-NHrjH : (i03mg) as a pale yellow soid. The solid was dissolved m DMF 
(1.0ml) unGer argon. The solution was cooled to -60 *C and 3. IN hydrogen chloride.- i.4-dioxane{ 120J> was 
added at the same temperature. After the temperature of a cocling bath was raised to -30*C~-20C, 
isoamyi nitrite (ca. 40^1) was added by portions until the spot or hydrazide on TLC was disappeared. The 
reaction mixture was again cooled to -60 "C and slowly diluted with DMF (40ml). By addition of TEA(75^l). 

55 the pH ot the reaction mixture was adjusted to 7.5 and the resulting reaction mixture was allowed to stand at 
-20 Ceo a Uzezei) overnight. Tno mature was concentrated in vacuo and the residue was punfied by 
iv-.-erse-pnase column chromatography (NACALAI TESQUE. Cosmosil 75 Ci-OPN) with methanol w3ten3 7) 
i.?r -liuiiO'i to give a crude product Fuiiner purification oi the ciuoe product by successive chr omatoyrapny 
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over cation exchange resms(Amberlite IR-120B: H*-form and AmbeHite IRC-50: Na-form), followed by 
reprecipitation from ethanol(.10ml> with ether(50ml) gave the title compound (60mg) as a pale yellow powder, 
m.p.: 285*C(dec.) 

lR(KBr.cm-'): 3418.1668.1 539.1 461 ,1221 .1044 
5 High Resolution FAB-MS(m e.(C 3 c H 4 1 N 6 NaOs S ♦ H) * ): 
Calcd : 669.2682 
Found : 669.2733 

' H-NMR(300MHz,DMSO-d& . 6 ppm):0.62(3H,d,J = 6.3Hz). 0.71 (3H.d.J = 6.3H2).0.81 (3H,d.J = 6.6Hz).0.83- 
(3H.d.J= 6.6Hz),0.95-1. 10(1 H,m).1. 16-1. 22(2H.m),1. 55-1. 93(4H. m),2.l9-2.27(1H,m).2.58- 

w (1 H.dd.J = 2.7Hz.l2.2Hz),2.92(1H, dd ,J = 11.6Hz. 14.3Hz).3.15-3.45(3H.m),3.63-3.71(1H,m), 4.05-4.30(3H,m)- 
.4.62(1 H.d-like J = 6. 6Hz). 4.93-5.03(1 H. m).6.95(1 H.t.J = 7.5Hz),7.03{1 H.t.J = 7.5Hz),7.1 3(1 H,d. J = 1 .7Hz),7.20- 
(1 H.d.J = 8.3Hz).7.30(1 H.d.J = 7.5Hz),7.53 (1 H.d.J = 7.5Hz),8.10(1 H.d.J = 9.0Hz).8.57(1 H.d.J = 7.1 Hz). 8.69- 
(1 H.d.J = 8.3Hz),l0.77< 1 H.d.J = 1 .7Hz) 
Optical Rotations: [ a = + 60.5*(c 0.35. MeOH) 

15 

EXAMPLE 4 

cyclo(-DTrp-DAsp-Lys-DVal-Leu-) * TFA salt 

20 Fmoc-Leu-r9Sin(0.093mmol/g. I.Og) which was prepared from Ultrosyn B(Pharmacia LKB Biotechnology) 
and Fmoc-Leu by a symmetrical acid anhydride method, was previously swelled in DMF, and packed in a 
reaction column of a Biolynx 4175 peptide synthesizer(Pharmacia LKB Biotechnology) and a solid phase 
peptide synthesis was performed manually by the standard protocol; 20% piperidine/DMF was pumped 
through the reaction column for I0min(tlow rate: 3.5ml/min) to deprotect Fmoc group. Then DMF was 

25 pumped for I0min(3.5ml/min) to remove excess base. Each 2.5 equivalents of Fmoc-DVal-OPfp and 
HOBT*H 2 0 was dissolved in OMF(lml). The solution was drawn into the reaction system and recirculated 
for lh(3.5ml/min) to achieve acylation of the amino groups present on the resin. DMF was pumped for 5min 
(3.5ml/'min) to wash excess reagents out. to give Fmoc-DVal-Leu-resin. In a similar manner, Fmoc-Lys(Boc)- 
OPfp, Fmoc-DAsp(O'Bu) and Fmoc-DTrp-OPfp were successively coupled with the corresponding resin 

so bound peptide. In the case of the coupling reaction of DAsp. were used each 5 equivalents of Fmoc-DAsp- 
(O'Bu) and HOBT'H 2 0, and 4 equivalents of DIPC. Completion of each acylation reaction was judged by the 
Kaiser test [Anal. Biochem.. 34, 595(1970)]. If the acylation reaction was imcomplete. additional recirculation 
was performed until the Kaiser test turned negative. Finally the Fmoc group of the resin bound pentapeptide 
was deprotected in a reaction column by pumping 20% piperidine/DMF for 10min(3.5ml/min). The resin was 

35 unpacked from a reaction column, washed on a glass filter successively with DMF. tert-amyl alcohol, acetic 
acid, tert-amyl alcohol. DMF and ether, and dried in vacuo to give DTrp-DAsp(0 , 8u)-Lys(Boc)-DVal-Leu-resin 
(L06g). 10% Hydradine monohydrate/1 ,4-dioxane/ methanol(v/v. 9/1, 3.0ml) was added to the resin and the 
mixture was allowed to stand at room temperature for 2h with occasional shaking. The resin was filtered out 
and washed several times with each small amount of 1. 4-dioxane/methanoi(9/i). The combined filtreie and 

-jo washings were neutralized with dry ice and concentrated in vacuo. Water(lOml) was added to the residue to 
precipitate a solid, which was collected by filtration and dried in vacuo to give DTrp-DAsp(0*Bu)-Lys(Boc)- 
DVal-Leu-NHNH;?(65.3mg) as a colorless powder. 

The hydrazide(64.2mg) prepared above was cyclized in the same manner described in Example 3 to 
give a DMF solution of the protected cyclic pentapeptide. The DMF solution was concentrated in vacuo. 
WaterMOml) was added to the residue to precipitate a solid, which was collected by filtration and dried in 
vacuo to give cyclo (-DTrp-DAsp(0'Bu)-Lys(Boc)-DVal-Leu-)(58.9mg)as a pale yellow powaer. 

The protected cyclic pentapeptide(55.lmg) was dissolved in TFA EDT(v.v, 95 5. 5.5ml). The mixture was 
stirred at room temperature for 30min and concsntrated under reduced pressure. The residue was triturated 
with methanol(2ml)/ether(30ml) to give the title compound(48.lmg) as an off-white powde«. 

50 m.p.: 230*C(dec.) 

IRfKBr.cm" 1 ): 3292. 3064.2968.1674.1665.1539.1203,1137 
FAB-MS(m e,(C_-?H*;N;0/ + H)*):642 

H-NMR(300MHz.DMSO-d £ . 5 ppm):0.64 (3H.d.J = 6.3Hz). 075(3H.d.J = 6.3Hz).0.8l (3H.dJ = 7.3Hz).0.84- 
(3H.d.J = 7.3Hz).0.94-l.06(1H,m).1. 19-1. 33(4H.m). 1 .45-1 .85 (5H. m),2.45-2.55( I H, m), 2.68-2. 78(3H.m), 2.88- 
35 1 1 H.dd.J = 11.1 Hz. 1 4.4Hz).3.25( 1 H.dd.J = 3.8Hz. 1 4.4Hz).4.03*4. 10( 1 H.m). 4.16(1 H.dd.J = 6.5Hz.9.2Hz).4.25- 
4. 35(2H.mi,4. 48-4.57 ( 1 H.m).6.96( 1 H.t.J = 7. 5Hj). 7. 05(1 H.t.J = 7.5Hz).7. 1 1(1 H, d.J = 2.0Hz), 7.32- 

(IH.a.J = 7 5H£).7.36M H.d.J =9.2Hz).7.5l (! H.d.J = ' 5H^.7 58(1 H.d.J = 7 1 Hz).8.64(1 H.d.J = 6.3Hz). 8.71- 
3.r5(2H.m|.l0.8l(1H.d.J = 2 0Hz) 
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Ootical Rotations* [ .» )f : = 8.6*(c 1.0. DMSO) 

EXAMPLE 5 

5 cyclo<-0Trp-0Cys(O3Na)-Pro-DVal-Nle-) 

Fmoc-Nle-resin(200mg. 0.476mmdf>g) -which was prepared from p-alkoxybenzyl alcohol resin(Kokusan 
Chemical Works) and Fmoc-Nle by a DCC-DMAP method, was packed in a polypropylene column(lOmm <fr 
x 60mm) and a solid-phase synthesis was performed as follows; 20% piperidine/DMF (3ml) was added to 

jo the column and the column was vibrated for 5min. then OMF was removed from the column. This procedure 
was repeated 3 times to remove Fmoc group. The resin in the column was washed with each 3ml of DMF 
by vibrating the column for imin(6 times). A solution of each 2.5 equivalents of Fmoc-DVal, HOBT*H 2 0 and 
OIPC in DMFM.Omi) was added into the column and the acylation reaction was performed by vibrating the 
column at room temperature for 2h. Completion of the reaction was judged by the Kaiser test. Excess 

/s reagents were removed and the resin was washed with DMF (each 3ml, 1 minx 4) to give Fmoc-DVal-Nle- 
resin. In the same manner, Fmoc-Pro. Fmoc-DCys(03Bu*N) and Fmoc-DTrp were successively coupled with 
the corresponding resin bound peptide to give Fmoc-DTrp-DCys(03Bu*N)-Pro-DVal-Nle-resin. After the 
deprotection of the Fmoc group with 20% piperidine/DMF (each 3ml, 5minx3). the resin was successively 
washed with DMF(3mN6) and methanol(3mU3). and dried in vacuo to give DTrp-DCys(ChBu4N)-Pro-DVal- 

20 Nle-resin. which was soaked in TFA/phenol(95/5. 3ml) and vibrated at room temperature for 20min. The resin 
was filtered out and washed with TFA(3mU2). The combined filtrate and washings were concentrated under 
reduced pressure. The residue was triturated with hexane/ether to give a linear pentapeptide(27mg) as a 
pale yellow powder. 

A solution of the linear pentapeptide prepared above(26mg) in DMF(2ml) was added dropwise to a 
25 solution of EDCI'HCl(8mg) and HOBT # H : 0(7mg) in DMF(2ml) under ice cooling over a period of In. The 

reaction mixture was stirred at room temperature overnight and concentrated in vacuo. The residue was 

pur-fied by reverse-phase chromatography on a SEP-PAK Cis cartridge(Waters) with methanol/water(10/1) 

for elution to give a cyclic pentapeptide tetrabutyl ammonium salt(19mg). The salt was dissolved in 10% aq. 

methanol. By passing the aq. methanol solution through a column of ion exchange resin (Amberlite IR-120B, 
30 Na -form), the ammonium salt was converted into the corresponding sodium salt. After concentration of the 

solution, the residue was purified by thin layer chromatography on silica gel(Analytichem International. 

Empore sheet) with chloroform/methanol acetic acid(5/1/1) for development to give the title compound- 

(8.6mg) as a pale yellow powder. 

m.p.: 217-221 " C 
35 IFttKBr.cm- 1 ): 3436.2962.1659.1536.1461.1203.1044 

Hign Resolution FAB-MSfm/e.tCjoH^NgOaS + H)* ): 
Calcd : 647.2863 
Found : 647.2825 

H-NMR(300MHz.DMSO-d 6 . 6 ppm);0.69 (3H,t.J = 7.4Hz), 0.81(3H,d.J = 6.3Hz).0.83(3H.d.J = 5.7Hz).0.62-0.96- 
40 (2H.m). 1. 01-1. 13(2H.m).1. 28-1. 35(2H.m).1. 54-1. 66(1 H.m).1. 72-1. 79(2H.m),2.l7-2.27(2H,m),2.54-2.59(1 H,m)- 
.2.92(1H.dd. J = 11.2Hz.14.4Hz).3.10-3.50(3H.m),3.65-3.68(1H.m) t 3.98-4.l0(2H.m).4.22-4.30(1H.m) ) 4.6l(1H.d- 
like.J = 6.4Hz). 4.92-5.00(1 H.m),6.96<1 H.t.J = 7.8Hz).7.03(1 H.t.J = 7.8Hz). 7.13(1H.d,J = 1 .8Hz).7.20- 

( l H.d. J = 8. 1 Hz).7.29( 1 H.d.J = 7.8Hz).7.53( 1 H.d.J = 7.8Hz).8. 1 2(1 H.d.J = 9.2Hz),856< 1 H. d. J = 7. 1 Hz).8.6 1 - 
(1 H.d.J = 8.3Hz), 10.75(1 H.d.J = t .8Hz) 
~*5 Optical Rotations: f q l£- = +22.8'(c 0.41. MeOH) 

EXAMPLE 6 

cyclc(-DTrp-DAsp-Leu-DVat-Leu-) 

50 

Fmoc-leu-fesin{228mg. 0.439mmol g) which was prepared from p-a!koxybenzyl alcohol resin(Kokusan 
Chemical Woiks) and Fmoc-Leu by a DCC-DMAP method, was successively acylated in the same manner 
described m Example 5 to give OTrp-DAsp(0'Bu)*Leu-DVal-Leu-resin (247mg). 

The restn was added to 10% hydradine monohydrate/DMF(2.0ml) and the mixture was stirred at room 
temperature tor 5h. The resin was filtered out and washed several times with each small amount of DMF. 
Tho ccmoined -titrate and washings were neutralized with dry ice and concentrated m vacuo. The residue 
was int-.-ra-co wan water 1 5ml) to give OTip-DAsp(0'Bu)-Lr7u-DVal-Leii-NHNH;.(66.4mg) as a colorless pow- 



19 
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The hydrazide(64.lmg) was cyclized and deprotected in the same manner described in Exampl 4 to 
give the title compound(40mg) as an off-white powder, 
m.p.: 275*C(dec.) 

IR(KBr.cm - ' ): 3304,3064,2962. 1 659. 1 536. 1 464. 1 392. 1 22 1 
s High Resolution FAB-MS(m.e.(Ci:H« 6 N 6 0? + H)*): 
Calcd : 627.3506 
Found : 627.3529 

: H-NMR(300MHz.DMSO-d 6 . 5 ppm):0.65 (3H,d.J = 6.4Hz). 0.75(3H,d.J = 6.4Hz).0.73-0.89(12H.m),0.93-1.05- 
( 1 H.m). 1.18-1 .24(2H,m). 1 .38- 1 .65<3H.m), 1 .75- 1 85( 1 H,m),2.45-2.55( 1 H,m),2.72( 1 H.dd.J = 1 0.2Hz, 1 6.4Hz)- 
w .2.88(lH,dd. J = 11.2Hz.14.4Hz),3.20-3.39(1H.m),4.05-4.l0(1H,m) ( 4.15 (1 H.dd.J = 6.6Hz,9.3Hz),4.27-4.40- 
(2H,m),4.47-4.54(1 H.m), 6.96(1 H.t.J = 7.6Hz).7.04(1 H.t.J = 7.6Hz),7.1 1 (1 H.d.J = 1 .9Hz).7.31 (1 H.d.J = 7.6Hz)- 
.7.41(1H,d.J = 9.3Hz),7.52(1H. d.J = 7.6Hz).7.56(1 H.d.J = 7.1 Hz),8.60(1 H.d.J = 6.1Hz),8.69 (IH.d.J = 8.3Hz)- 
.8.69( 1 H.d.J = 8.3Hz), 10.78(1 H.d.J = 1 .9Hz), 1 2.23(1 H.brs) 
Optical Rotations: [ a ]£° =-12.6* (c 0.56, DMSO) 

15 

EXAMPLE 7 

cyclo(-DTrp-DGIu-Ala-DVal-Leu-) 

20 The title compound was prepared from Boc-DTrp. OGIu(OBzl)*0'Bu. Boc-Ala. Boc-DVal and Leu- 
OBzl*p-TsOH according to the same procedure described in Example 1. 
m.p.: >295 * C 

^(KBrxm* 1 ): 3280,1659,1644,1548 
High Resolution FAB-MSfrrve.tCaoHtrNsOjS + H)*): 
25 Calcd : 599.3193 
Found : 599.3249 

*H-NMR(300MHz,DMSO-d 6 . 5 ppm):0.64 (3H,d.J = 6.4Hz), 0.74<3H,d.J = 6.4Hz),0.82(3H,d.J = 6.6Hz).0.83- 
(3H.d.J= 6.6Hz).0.95-1.l0(1H,m),1.14(3H.d.J = 6.9Hz),1.2O(2H.t, J = 7.6Hz), 1 .75-2.00(3H,m).2. 1 0-2.25(2H,m)- 
.2.9 1 ( 1 H.dd. J = 1 1 .8Hz. 1 4.4Hz),3.25-3.35( 1 H,m).4.05-4.20(2H.m).4.20-4.35(2H.m) 1 4.40(1 H.quint.J = 7. 1 Hz)- 
30 .6.96( 1 H.t.J = 7.6Hz), 7.04(1 H.t.J = 7.6Hz).7. 1 2(1 h d.J = 1 .4Hz).7.3l (1 H.d.J = 7.6Hz),7.39( 1 H.d.J = 7.3Hz),7.51 - 
( 1 H.d.J = 8.3Hz),7.53(1 H, d. J = 7.6Hz).8.55( 1 H.d.. • = 6.4Hz).8.72( 1 H.d.J = 8.0Hz).8.75 (1 H.d.J = 8.4H z). 1 0.79- 
(1 H.d.J = 1.4Hz). 12.09(1 H.brs) 
Optical Rotations: [ a ]£° =-10.0* (c 1.0. DMSO) 

35 EXAMPLE 8 

cyclo(-DTrp-DGIu-Ala-Dalle-Leu-) 

The title compound was prepared from Boc-DTrp. DGIu(OBzl)-0*8u. Boc-Ala. Boc-Dalle and Leu- 
■io OBzl*p-TsOH according to the same procedure described in Example 1. 
m.p.: >295* C 

IR(KBr.cm"'): 3286.2962. 1 659. 1 644. 1 545 

High Resolution FAB-MS(m e.(C 5 - HuN^O? + H)"); 

^ Calr.rl • 613.3350 
Found : 613.3377 

* H-NMR(300MHz,DMSO-d 5 . 5 ppm):0.63(3H.d.J = 6.4Hz). 0.73(3H.d.J = 6.5Hz).0.78(3H.d.J = 6.7Hz).0.87- 
(3H,t.J = 7.4Hz).0.90- 1 . lO(2H,m).1 . 1 3(3H.d.J = 7. \ Hz). 1 .20- 1 .40 (3H.m). 1 .55- 1 .65(1 H.m),1 .80-2.00(2H,m).2.05- 
2.25(2H. m).2.90(1 H.dd.J = 11. 8Hz.14.6Hz).3.28(1 H.dd.J = 2.3Hz. 14.6Hz),4.06(1 H.q.J = o.9Hj),4.21 -4.34- 
50 (3H.m).4.45(lH. quint.J = 7.1 Hz).6.96( 1 H.t.J = 7.6Hz),7.04(1 H.t.J = 7.6Hz). 7.12(1 H.d.J - 1 ,8Hz),7.3 1 - 
( 1 H.d.J = 7.6Hz>.7.45< 1 H.d.J = 9.4Hz).7.49( 1 H.d.J = 7.8Hz).7.52( 1 H.d.J = 7.6Hz).8.60( 1 H, d.J = 6.6Hz).8.75- 
( \ H.d.J = 7 0Hz).8. 78(1 H.d.J = 7.0Hz). 10.78 ( 1 H.d. J = 1 8Hz), 1 2.02( 1 H.brs) 
Optical Relations: [ o J^-' = -6.9*(c 1.0. DMSO) 

55 EXAMPLE 9 



cyclo<-DTfp-DG:u-Asp-DVal-Leu-> 
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The title compound was prepared from Boc-OTrp. DGlu(08zl)-0'Bu. Boc-Asp(OBzl). Boc-DVal and leu- 
C'Bu*HCI according to the same procedure described in Example 1. 
m.p.: 268*C(dec.) 

IRfKBr.crrT'): 3424,2955.1665.1542.1389.743 
5 High Resolution FAB-MS(m/e.(C3tHi2N 6 03 +H)*): 
Calcd : 643.3091 
Found : 643.3072 

1 H-NMR(300MH2.DMSO-db .50 * C, 5 ppm):0.67(3H.d.J = 6.7Hz).0.74(3H,d.J = 6.0Hz),0.82(3H,d.J = 6.4Hz)- 
.0.84{3H, d. J = 6.5Hz). 1 .08- 1 .2 1 ( 1 H.m), 1 .22- 1 34(2H,m). 1 .8 1 - 1 .98 (3H.m),2.02-2. 1 8(2H.m),2.33-2.55( 1 H.m)- 

w .2.68-2.77( 1 H. m).2.92-3.02( 1 H.m),3. 1 4-3.3 1 ( 1 H,m).4. 1 0( 1 H.dd. J = 7.2Hz. 8.7Hz),4. 1 2-4.27(2H,m),4.30-4.41 - 
(lH,m),4.52-4.66(1H, m).6.95(1 H.t.J = 7.3Hz),7.03(1H,t,J = 7.3Hz).7.1 3(1 H.brs). 7.30(1H,d,J = 7.3Hz),7.51- 
(1H.d.J = 7.2Hz).7.54(1H.dJ= 7.3Hz),7.75(1 H.brs).8.40(1 H.d.J = 7.1 Hz).8.60(2H,brs). 10.69(1H,brs) 

According to the same procedure described in Example 4. each title compound described in the 
following Examples 10-43 was prepared from the corresponding Fmoc amino acids in which sidechain 

75 functional groups were protected with the appropriate protective groups, if necessary. 

EXAMPLE 10 

cyclo(-DTrp-DGIu-Pro-DVal-Leu-) 
20 m.p.: 200 ' C(dec.) 

IRfKBr.cm" 1 ): 3412.2968,1683.1539.1461.1206,1182.1137. 842.800 
High Resolution FAB-MS(m/e,(C32H4*N 6 07 +H)*): 

Calcd : 625.3350 
25 Found : 625.3334 

H-NMR(300MHz,DMSO-d 6 , 5 ppm):0.59(3H,d.J =6.5Hz), 0.73(3H,d.J = 6.5Hz).0.82(3H,d.J = 6.5Hz),0.86- 
(3H.d.J= 6.5Hz).0.90-1.02(1H,m).1.05-1.25(2H,m),1.50-2.04(6H. m),2.l8-2.35(3H.m),2.89- 

(IH.dd.J = 1 2.0Hz, 1 4.2Hz).3.05-3. 1 5( 1 H.m).3.20-3.65(2H.m).3.97{1 H.q.J = 5.5Hz).4. 1 1(1 H, 
ddJ = 8.2Hz. 1 0.3Hz).4.1 9-4.32(1 H,m).4.64-4.75(1 H.m), 4.76( 1 H.d-like.J = 7. 1 Hz), 6.95(1 H,t,J = 7.4Hz) ,7.04(1 H,t. 
30 J = 7.4Hz). 7. 1 2( 1 H.d.J = 1 8Hz),7.30( 1 H,d. J = 7.4Hz),7.52 ( 1 H.d.J = 7.4Hz).7.56{ 1 H.d.J = 1 0.3Hz),7.64- 

( 1 H.d. J = 9.3Hz). 8.70(1 H.d.J = 5 5Hz).8.78( 1 H.d.J = 8.0Hz). 1 0.79 ( 1 H.d. J = 1 .8Hz). 1 2.09( 1 H.brs) 

EXAMPLE 11 

35 cyclo(-DTrp-DAsp-Gly-DVal-Le u-) 
m.p.: 250 C(dec.) 

IR(KBr,cm- ; ): 3418.2962.1659.1542.1392.1236.1 176 
High Resolution FAB-MS(m'e.(C23H 33 N 5 07 +H) # ): 

40 Calcd: 571.2880 
Found : 571.2917 

'H-NMR(300MHz.DMSO-d 5 . 5 ppm):0.64(3H.d J = 6.5Hz). 0.74(3H.d,J = 6.5Hz).0.80(3H.d.J =6.6Hz).0.83- 
( 1 H.d.J = 6.6Hz).0.94-1 .08( 1 H.m). 1 .20(2H.t.J = 6.6Hz). 1 .70- 1 .84 (1 H,m),2.41 -2.54(1 H.m).2.75- 

(lH.dd.J= 10.1 Hz. 16.2Hz). 2.87(1 H.ddJ = 1 1 .5H-, 1 4.6H2).3. 24-3. 45(1 H.m),4.03-4.1 5 (3H.m),4.24- 

-■5 (iH.rirl J = 7.4Hz. 13.9Hz) ; 4.30-4.39(1 H.m). 4.53-4.60(1 H.m).6.95( 1 H.t.J = 7.8Hz). 7.03(1 H,U = 7.8Hz), 7.10- 
( 1 H.d.J = 2.0Hz). 7.30( 1 H.d.J - 7.8Hz).7.37(1 H.d.J = 9.6Hz),7.5l (1 H.d.J = 7.8Hz). 7.62(1 H.d.J = 7.5Hz).8.62-8.73- 
<2H,m).8.97-9.06(1 Km). 10.78(1 H.d.J = 2.0Hz) 

EXAMPLE 12 

50 

cyclo(-DTrp-DAsp-Ala-DVal-Leu-) 
m p.: >300*C 

IR(KBr.cm- ! ): 3286. 3082.2968,1644. 1554. 1461 .1389.1233. 741 
High Resolution FA8-M$(m e.(CjiH* : N^O/ + H)'): 

55 

Calcd : 535 3037 
e Ound : SSS/JOS.'' 

H-NMR.jOOWHj.OMSO-: . a ppm>Of34i;iHn J-6 4HJ* 0 '5<3H ,ij = b\4H z».0 82(3H.a.J = 6.3Hj).0 84- 
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(3H.d.J= 6.3Hz).0.94-1.lO(1H.m).1 .l3(3H.d.J = 7.3Hz).1 .15-1.27 (2H.m), 1 .74^ .83(1 H.m).*.40-2.60( 1 H.m).2.73 
( 1 H.dd. J = 1 0.2Hz, 16. 1 Hz).2.87( 1 H.dd.J = 1 1 .3Hz, 1 4.6Hz).3.20-3.45( 1 H.m).4.03-4. 1 0( 1 H.m).4. 1 8 

(IH.dd.J = 6.9Hz.9.4Hz). 4.29-4.38( 1 H.m).4.45( 1 H.quint. J = 7.3Hz).4.50-4.60( 1 H, m).6.96{ 1 H.t.J = 7.6Hz).7.04 
(1 H.t.J = 7.6Hz),7. 1 0(1 H.d. J = 1 5Hz),7.3 1 ( 1 H.d J = 7.6Hz).7.37( IH.d.J = 9.4Hz).7.52 (1 H.d.J = 7.6Hz).7.60 
(1 H.d.J = 7.4Hz),8.65(1 H.d.J = 5.6Hz). 8.73(1 H,d J = 7.8Hz),8.77(1 H.d.J = 7.3Hz), 10.78(1 H,d. J = 1 .5Hz) 
Optical Rotations: ( a l£° = +3.3* (c 0.12. DMSO) 

EXAMPLE 13 

cyclo(-DTrp-DAsp-MeAla-DVal-Leu-) 
m.p.:2l0 C{d6C.) 

IR(KBr.cm~'): 3328.2962.1659.1536.1464.1395.1341.1233. 741 
High Resolution FAB-MS(m/e.(C3oH4 2N 6 07 +H)*): 

Calcd : 599.3193 
Found : 599.3198 

: H-NMR(300MHz,DM$O-d 6 , 6 ppm):0.6l(3H.d.J = 6.5Hz). 0.72(3H.d.J =6.5Hz).0.82(6H.d.J = 6.3Hz).0.90-1 .04- 
(1H.m). 1. 05-1. 24(5H,m).1. 65-1. 77(1 H,m),2J6-2.55^^ 

.4.95-5.06 (1H.m),5.07-5.18(1H.m).6.85(1H,br).6.95(1H.t.J = 7.5Hz). 7.01(1 H.t.J = 7.5Hz),7.l3(1 H.brs).7.30- 
(1H,d.J = 7.5Hz). 7.51(lH.d.J = 7.5Hz).7.63(1H.br).8.73-8.86(2H.m).l0.80 (IH.brs) 
Optical Rotations: [ a ]£° = ♦ 13.0* (c 0.58. DMSO) 

EXAMPLE 14 

cyclo(-DTfp-DAsp-Met-DVai-Leu-) 
m.p.:277 C(dec.) 

IRvKBr.cm-' ): 3298.3064,2968. 1 656. 1 539, 1 233.744 
High Resolution FAB-MS(nVe,(C 3 1 Ht*N & 0?S + H)*): 

Calcd : 645.3070 
Found : 645.3076 

H-NMR(300MHz,DMSO-d 6 . 6 ppm):0.64(3H,d.J = 6.4Hz). 0.74<3H,d.J = 6.4Hz).0.8l(3H,d.J = 7.1Hz).0.84- 
(3H.d,J= 7.1 Hz),0.90-1.lO(1H.m).1.21(2H,t.J = 7.2Hz).1. 75-2.00 (3H,m),2.02(3H.s),2.30-2.60(3H,m).2.72- 
(1 H.dd. J = 10.6Hz. 16.2Hz).2.88(1 H.dd.J = 1 1 6Hz,14.1 Hz),3.20-3.40(1H,rr.) ( 4.06(1 H.q.J = 7.2Hz),4. 1 7- 
(1H,dd,J=6.3Hz l 9.3Hz),4.25-4.40(1H,m),4.4C-4.60(2H.m),6.96(1H.U = 7.4Hz),7^^ t.J = 7.4Hz),7.1 1- 

(1 H.d.J = 2.0Hz).7.31(1 H.d.J = 7.4Hz).7.34 (1 H.d.J = 9.3Hz),7.52(1 H.d.J = 7.4Hz). 7. 55(1 H.d.J = 7.4Hz). 8.65- 
(1 H.dJ = 7.2Hz).8.74(1 H.d.J = 8.5Hz).8.84(1 H.d.J = 7.8Hz). 1 0.79 (1 H,d,J = 2.0Hz) 

EXAMPLE 15 

cyrlo(-DTrp-DAsp-Pro-DVal-Leu-) 
m.p.: 160 C(dec) 

IRfKBr.cnrr' ): 3442.2960. 1 653. 1 536. 1 458 

High Resolution FAB-MS(m e.(Cj: H« : N 5 0; +H)*): 

Calcd: 611.3193 
Found: 611.3206 

H-NMR(300MHz,DMSO-d* . 6 ppm):0.60(3H.d.J = Z.SHz). 0.72(3H.d.J = 6.6Hz).0.82(3H.d.J = 6.5Hz),0.66- 
(3H.d.J= 6.5Hz).0.90-1.lO(1H.m).1.10-1.28(2H.m).1.55-1.98(4H. m>,2.2 1 -2.o^( 1 n..n).2 34- 

(1H,dd.J = 3.9Hz,l6.1Hz).2.79(1H, dd.J = l0.2Hz.l6.1Hz).2.88(1H.dd.J = 11.7Hz.14.4Hz).3.l0-3.35(3H,m).3.95- 
4.03(1H.m).4.l3(1H,dd.J = 8.3Hz.l0.3Hz). 4.22-4.3W1 H,m).4.76(1 H.d-hke.J = 7.0Hz).4.97(1H.dt. 

J = 3.9Hz.8.8Hz).6.95( 1 H.t.J = 7.3Hz).7.04( 1 H.t.J = 7.3Hz). 7, 1 2(1 H.d.J = 1 .7Hz).7.3 1 { 1 H.d.J = 7.3Hz}.7.49- 

(1 H.d.J = l0.3Hz).7.52(1 H.d.J - 7. 3Hz). 7. 71(1 H.d.J = 3.8Hz).8. 75-8. 79(2H.m). 10.80 (1 H.d.J = l.7Hz> 
Optical Rotations: [ a ]i : = *50.3*(c 0.31. MeOH) 

EXAMPLE 16 



•:y:!o(-Orrp-DAsp-Tyr-DVai-Leu-t 
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r, p.: 240*C(dec.) 

IKXBr.cnr*): 3298.2962.1671, 1 521. 14£4, 1374, 1223.1 176. 744 
High Resolution FAB-MS(m/e.(C3sH«4N & 0 8 + H)*): 

5 Calcd : 677.3299 
Found : 677.3329 

1 H.NMR(300MH2,DMSOk1 6 . 5 ppm):0.64<3H.d. J = 6.5Hz). 0.74(6H.d J = 6.5H2),0.79(3H,d. J = 6.5Hz).0.95- 1.13- 
(1H.m), 1.2l(2H.t.J = 7JK2)J.70-1.83(1H.m).2.39-2.47(1H,m). 2.62-2.77(2H,m).2.82-2.94(2H,m).3.25-3.40- 
(1H,m)A03-4J6(2H.m).4.29-4.37(1H,m).4.41-4.55(2H.m).6.60(2H 1 d l J = 8.6Hz).6.95(1H,t.J = 7.5Hz),7.00- 

w (2H.d.J = 8.6Hz).7.03 (1 H.t.J = 7.5Hz).7.09(1 H.d.J = 1 9H2),7.30(1 H.d.J = 7.5Hz). 7.35(1 H.d.J = 9.6Hz).7.51 - 
(1 H.d. J = 7.5Hz),7.66( 1 H.d.J = 7.3Hz).8.55( 1 H.d.J = 6.4Hz),8.64(1 H.d.J = 8.6Hz).8.77( 1 H. d J = 8.3Hz).9.08- 
{ 1 i is). 1 0.77( 1 H.d, J = 1 .9Hz). 1 2. 1 9( 1 H. brs) 

EXAMPLE 17 

cyclo(-DTrp-DAsp-Trp-DVal-Leu-) 
m.p.: 294 C(dec.) 

^(KBr.cm" 1 ): 34 1 2.2962. 1 662. 1 539. 1 464, 1 230. 1098.744 
High Resolution FAB-MS(m/e.(C37H*5N 7 07 + H)*): 

20 

Calcd : 700.3459 
Found : 700.3422 

1 H-NMR(300MHz.DMSO-d 6 . 5 p.pm):0.65(3H,d.J = 6.5Hz). 0.72(3H,d, J = 6.5Hz).0.75(3H,d.J = 6.5Hz).0.80- 
(3H,d.J = 6.5Hz).0.98-1. 13(1 H.m),1.1 5-1. 32(2H,m),1. 70-1. 85(1 H. m),2.36-2.59(1H,m>.2.74- 

25 (1H.dd.J = 9.9Hz.l6.3H2).2.80(1H. , dd.J = 1 5.3Hz,16.1 Hz).2.87(1 H.dd.J = 1 1 .5Hz.16.1Hz).3.l8 

( 1 H.dd.J = 1 5. 1 Hz, 1 7.3Hz).3.24-3.37( 1 H,m),4.02-4. 1 7(2H, m).4.3l -4.40( 1 H,m),4.5 1 -4.69(2H.m).6.95- 

(2H.t J = 7.5Hz), 7.04(2H,t.J = 7.5Hz),7.l0(1 H.d.J = 1 .8Hz).7.1 1(1 H.d.J = 1 .8Hz).7.29(1 H.d.J = 7.5Hz).7.30- 
(1 H.d.J = 7.5Hz),7.44(1H, d.J = 9.8Hz),7.47(1 H.d.J = 7.5Hz).7.52(1 H.d.J = 7.5Hz),7.69 (1 1- J.J = 7.3Hz).8.55- 
(1H,d.J=6.3Hz).8.64(1H.d.J = 8.6Hz). 8.80(1 H.d.J = 8.4Hz).l0.73(1 H.d.J = 1 .8Hz).10.78(1 H.d. J = 1 .8K ,.12.19- 

io (IH.brs) 

Optical Rotations: [ a ]£° = -6 1* (c 0.42. DMSO) 
EXAMPLE 18 

35 cyclo(-DTrp-DAsp'His-DVal-Leu-) 
m.p.: 253' C(dec.) ~~ 
IRfKBrxm -1 ): 3310.2968.1668.1536.1 101 
High Resolution FAB-MS(m/e.(C 3 2H4 2 N 8 07 + H)*): 

*o Calcd: 651.3255 
Found: 651.3235 

■ H-NMR{300MHz.DMSO-d s . 6 ppm):0.65(3H.d.J = 6.5Hz). 0.75(3H.d.J = 6.5Hz).0.79(3H.d. J = 6.6Hz),0.83- 
(3H.d,J = 6.6Hz),0.94-1. 08(1 H,m).1. 19-1. 24(2H.m),1. 72-1. 85(1H. m) ( 2.37-2.50(1H,m).2.63-2.77(2H.m),2.8l - 
2.93(1 H.m}, 3.04(1 H.dd.J = 6.5Hz.15.4Hz),3.10-3.5l(1H.m).4.0l-4. 10 (i H.m) A 1 7(1 H.dd.J = 6.6Hz.9.2Hz).4.30- 
4.39( 1 H.m) 4 48-4 57(1 H.m),4.63-4.72(1 H.m).6.95-7.07(3H.m),7. 11 ( 1 H.d. J = 1 .8Hz).7.3 1 ( 1 H.d.J = 8.0Hz).7.34- 
( 1 H.d.J = 9.3Hz),7.52 (1 H.d.J = 8.0Hz).7.64(1 H.d.J = 7.0Hz),8. 1 2( 1 H,brs).8.64 ( 1 H.d.J = 5.3Hz).8.72- 

< 1 H.d.J = 8.7Hz).8.90(1 H.d.J = 7.8Hz). 10.79(1 H.brs) 

EXAMPLE 19 

so 

cyclo(-DTrp-OAsp*Arg-OVal-Leu-)'TFA salt 
m~pT235*C{dec.) 

IHfKBr.cm-'): 3352.2968.1668.1536.1203.1 140.836.798,742 
High Resolution FAB-MS<m e.(Ci;H* ;N 3 07 + H)*): 

55 

Caico * 670 3677 
round : 6/0.3700 

* H - N M R f 300 M H 2 . D M SO -d; . 3 ppm> 0 63(3Kd.J = 6 3H j). 0 74(3H.d.J = 6.3H^).0 SOi JH.o.J = 6 6Hj>.0 32- 



23 
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<3H.dJ = 6.GHz).0 93-1.07<1H.m),1.2l(2H.t.J = 6.8Hz).1 22-1.30 (1H.m),1 .37-1 .60(2H.m).1 62-1 85(2H.m>.2 38- 
2.45(1H. mV272(1H.dd.J = t05H2,l6.2Hz),2.87(1 H.dd J = 1 1.3Hz, 1 4.2Hz).3.l0-3.20(3H.m).4.05-4. 1 1(1 H.rn)- 
.4. 1 4(1 H.dd J = 6.6Hz.9.4Hz).4.25-4.38(2H,m),4.48-4.56(1 H.m).6.95(1 H. t.J = 7.3Hz>.7.03( 1 K.t J = 7.3Hz).7.09- 
(1 H.dJ = 2.4H2).7.30 (1 H.dJ = 7.3H2).7.41 < 1 H.d.J = 9.4Hz).7.50( 1 H.d.J = 7.3Hj), 7 58( 1 H.d J = 7.4Hz).8 59- 
(1H.dJ=5.9Hz).8.68(2H,dJ = 8.1Hz).l0.76 (1 H.dJ = 2.4Hz) 

EXAMPLE 20 

cyclo(-DTrp-DAsp-Orn-DVal-Leu-) 
m.p.: 219 C(dec.) 

IRtKBr.cm- ): 34 1 8.3058.2968. 1 668. 1 539. 1 392. 1 206. 1 1 82 
High Resolution FAB-MS(m/e.(C 3 i H*sN;07 + H)* ): 

Calcd : 628.3459 
Found :* 628.3448 

1 H-NMR(300MHz,DMSO-d 6 . 5 ppm):0.64(3H,d J = 6.4H2). 0.74(3H,d J = e^Hz^O-SO-O^mnUO^-l 08- 
(IH.m), 1.17M.23(2H,m).1.450.65(2H,m).1.71-1.86(1H^ 

(1 H.dd.J = 10.9H2. 1 1 .4 Hz).3.20-3.30(1 H,m).3.40-3.50(2H,m),4.06(1 H.dt.J = 6 0 H2.7.5Hz),4. 1 4- 

(1 H.dd.J = 6.6Hz.9.6Hz),4.24-4.41 (2H.m). 4.45-4.55(1 H,m).6.95<1 H.dt J = 1 2Hz.8.0Hz).7.04 (1 H.dt. 

J = 1 2Hz,8.0Hz).7.09<1 H.d.J = 1 .8Hz).7.30(1 H.d.J = 8.0Hz). 7.38( 1 H.d.J = 9.0Hz).7.50( 1 H.d.J = 8.0H2),7.60- 
< 1 H.d J = 6.6Hz).8.60( 1 H.d.J =6.0Hz).8.68(1 H.d.J = 8. 1 Hz),8.68( 1 H, d.J = 8. 1 Hz). 1 0.78( 1 H.d J = 1 8Hz) 

EXAMPLE 21 

cyclo(-DTrp-DAsp-Gln-DVal-Leu-) 
m.p.: 270 C(dec.) 

IRfKBrxm' 1 ): 3412.2962.1665.1539.1230.1 173.1095 
High Resolution FAB-MS(m ; e.(C 3 i H* 3 N;0 8 + H)*): 

Calcd : 642.3252 
Found: 642.3218 

: H-NMR(300MHz.DMSO-d 6 . 5 ppm):0.64(3H,d J - 6.5H2), 0.75(3H,d.J = 6.5Hz).0.80-0.89(6H.m).09M j 1 - 
(IH.m), 1.15-1 30(2H,m),1 .61-1 .95(3H,m),2.0l-2.1 1 (2H.m), 2. 44-2.50( 1 H.m),2. 72(1 H.dd.J = 9.8Hz.l6.2Hz).2.88- 
(1 H.dd.J = n.3Hz.14.6Hz).3.l9-3.41(1H.m).4.01(1H.dd.J = 7.6Hz. 1 4.2Hz). 4.1 7(1 H.dd.J = 6. 5Hz.9.3Hz>.4.24- 
4.38(2H,m), 4.49-4.59(1 H,m),6.72(1 H,brs).6.96(1 H.t.J = 7.5Hz),704 (1 H.t.J = 7.5Hz).7. 11(1 H.d.J = 1 8Hz).7.1 2- 
(1H,brs).7.3l (1 H.d.J = 7.5H2).7.35(1 H.d.J = 9.5Hz).7.52(1H.d,J = 7.5Hz), 7.57(1 H.dJ = 7.6Hz).8.63- 

(1 H.dJ = 6.2Hz).8.71(1 H.d.J = 9.3Hz).8.74(1 H.d.J = 9.5Hz).1 0.78(1 H.brs) 

EXAMPLE 22 

cyclo(-DTrp-DAsp-Asp-OVal-Leu-) 

m.p.. 2G0 C(d6C.) 

IR(KBr.cm- ! >: 3442.3292.2962. 1 647, 1 55 1 . 1 395 
High Resolution FAB-MS(m e,(C3cH4cN 6 09 + H)*): 

Calcd : 629.2935 
Found : 629.2946 

H-NMR(300MHz.DMSO-d*. S ppm};0.64<3: i.d J - 6.4H_M 0 75(3H d J = 6.4Hj).0.8l (3H.d J = 6.4Hj).0 33- 
(3H.dJ = 6.4Hz),0.92-1.l0(1H.m),l.l6-1.28(2H.m).1 69-1 87(1 H. ml.? 22-2.46(2M.m,..: 6i -i.S6(3H.m».3 22- 
3 41(1 H.m). 4.0l-4.i3(lH,m).4.l3-4.23(1H.m}.4 27-4. 39( 1 H.m). 4. 49-4.620 H.m).4 62-4 78( l H.mj.o 96- 

( lH.t J = 7 8Hj).7 04( 1 H. t.J = 7 8Hz).7 11(1 H.d.J = 1 .8H.:>.7 3 1 (2H.d J = 7.8Hz).7 52 ( I H.d.J = 7 8Hz).7 50-7 67- 
( 1 H.:n ) 8 61 -8 72( 1 H m V8.76 i 1 H.d.J = 8.5H ^).8.34-8.98( 1 H.ir 1. 1 0.78( iH.br s) 

EXAMPLE 23 

.* .Cioi-DTip-OAsp-Giu-DVai-Loii-* 
tr p 27 1 C\oec j 

■^.^St ::ry-'y 3293.3058.^68 loSiJ 1539 1464 i3i?5 i.\Ui * i V "44 
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FAB-MS(m e.(C 3 t H* ; N 6 0? + H) * ):643 

' H-NMR(300MHz,DMSO-d 6 . 5 ppm):0.63(3H.d.J = 6.6Hz), 0.73(3H.d. J = 6.3Hz).0.80(3H,d.J = 7.6Hz),0.82- 
<3H ( d J = 7.1 Hz).0.90-1 .08(1 H,m),1 .20(2H.U = 72Hz), 1 .62- 1 .98 (3H.m),2.12-2.38(2H,m),2.49- 

( 1 H.dd.J = 3.7Hz. 1 6.4Hz). 2.71(1 H.dd.J = 1 0.5Hz. 1 6.4Hz).2.87( 1 H.dd.J = 1 1 .2Hz. 1 4.4 Hz),3.28- 

(1 H.dd.J = 2.9Hz,14.4Hz).4.04(1 H.dt.J = 6.3Hz, 7.2Hz),4.1 6(1 H.dd.J = 6.6Hz.9.4Hz),4.26-4.38(2H,m),4.53 

( 1 H.ddd.J = 3.7Hz,6.9Hz.1 0.5Hz).6.95( 1 H,U = 7.2Hz).7.03 ( 1 H.t.J = 7.2Hz),7.09(1 H.d.J = 1 .8Hz),7.30- 

(1 H.d.J = 7.2Hz). 7.33(1 H.d.J = 9.4Hz).7.50(1 H.d.J = 7.2Hz).7.54(1 H.d.J = 6.9Hz),8.63(1 H.d.J = 6.3Hz),8.70- 
<1H,d.J = 8.5Hz),8.76(1H, d.J = 8.1 Hz),10.77(1.H,d.J = 1.8Hz).l2.18(2H.brs) 

EXAMPLE 24 

cyclo(-DTrp-DAsp-Cys(0 3 Na)-DVal-Leu-) 
m.p.: 281 C(dec.) 

IR(KBr.cm-'): 341 8.3280.2962,1 665.1 584.1 545, 1 206. 1 047 
High Resolution FAB-MS(nve.(C2 9 H 39 N 6 NaOioS + H)*): 

Calcd : 687.2424 
Found : 687.2468 

1 H-NMR(300MHz,DM$O-d 6 . 5 ppm):0.65(3H.d. J = 6.5Hz). 0.75(3H.d.J = 6.5Hz),0.83(3H,d,J = 6.7Hz),0.84- 
(3H,d.J = 6.7Hz).1 .00-1 .1 0(1 H.m).1 .1 5-1 .30(2H,m),1 .75-1 .85(1 H, m).2.28(1 H.dd.J = 3.4Hz.1 5.7Hz),2.45-2.65- 
(2H.m).2.87(1 H, dd. J = 2.2Hz. 1 2.0Hz).3. 1 5-3.40(2H,m),4. 11(1 H.q.J = 6.9Hz), 4.17(1 H.dd.J = 6.4Hz.9.4Hz),4.25- 
4.35( 1 H.m),4.45-4.55 (1 H.m),4.60(1 H.q.J = 7.0Hz),6.98<1 H.t.J = 7.6Hz),7.04(1 H. t.J = 7.6Hz).7. 1 2- 

(1 H.d.J = 2.0Hz),7.3l (1 H.d.J = 7.6Hz),7.38 (1 H.dJ = 9.4Hz),7.53(1 H.d. J = 7.6Hz).7.50-7.60( 1 H,m). 8.66- 
(1H.d.J = 6.9Hz).8.66(1H.d.J=8.8Hz). 8.72 (1 H.d. J = 7.0Hz),10.77(1 H.d.J = 2.0Hz) 

EXAMPLE 25 

cyclo(-OTrp-DAsp-Cys-DVal-Leu-) 
m.p.: 245 C(dec.) 

IR(KBr.cm - 1 ): 3298.2962. 1 668, 1 656. 1 539. 1 233.74 1 
High Resolution FAB-MS(m/e.(C 2 9H4 0 N 6 O7S + H)*): 

Calcd: 617.2758 
Found : 617.2762 

1 H-NMR(300MHz.DMSO-d 5 . 5 ppm):0.65(3H,d.J = 6.5Hz), 0.75(3H,d.J = 6.5Hz).0.83(3H,d.J = 6.7Hz),0.84- 
(3H.d t J = 6.7Hz),0.95-1 .10(1 H,m),1 .21 <2H,t,J = 7.4Hz),1 .75-1 .90 (1 H,m),2.23( 1 H.dd.J = 7.6Hz.9.3Hz),2.45-260- 
(2H.m).2.70-2.80(2H.m),2.88(1 H.dd.J = 1 1 2Hz, 1 4.4Hz),3.25-3.35(1 H, m),4.07( 1 H.dt.J = 6.7Hz.7.4Hz),4. 1 7- 
(1 H.dd.J = 6.9Hz,9.6 Hz).4.32(1 H.ddd.J = 3.3Hz.8.1 Hz. 1 1.2Hz).4.40(1 H.qJ = 7.6Hz).4.50-4.60(1 H,m),6.96- 
( 1 H.t.J = 6.6Hz).7.04( 1 H.t. J = 6.8Hz),7. 1 1 < 1 H.d. J = 2.2Hz).7.3 1 ( 1 H.d.J = 6.8Hz),7.33 ( 1 H.d.J = 9.6Hz).7.52- 
(1 H.d.J = 68Hz),7.63(1 H.d.J = 7.4Hz). 8.62( 1 H.d.J = 6.7Hz).8.69( 1 H.d.J = 8. 1 Hz).8.80( 1 H.d.J = 7.6Hz). 1 0.79- 
(1H.d.J = 2.2Hz) 

EXAMPLE 26 

cyclc( -DTrp-DAsp-Ser -DVal-Leu-) 
m.p.: 250 ' C(dec.) : 
IR(KBr.cm- : ): 3286,2960.2930. 1 647. 1 55 1 
High Resolution FAB-MS(m e.fC^H^NjOs + H)*>: 

Calcd: 601.2986 
Found: 601.3000 

H-NMR{300MHz.DMSO-d o . & ppm):0.65(3H.d.J = 6.6Hz). 0.73(3H.d.J = 6.4Hz).0.8l-0.84(6H,m). 1 .05- 1 .1 3- 
(iH.m). 1. 1 5- 1.25(2H.m). 1.75-1. 85(1 H,m). 2.30-2. 56(1 H.m).2. 75 (1 H.dd.J = 9.3Hz. l6.2Hz).2.88- 

(1 H.dd.J = 4.8Hz. 15.3Hz). 3.16-3.25(1 H.m). 3. 28-3.40(1 H.m).3.72(1 H.dd.J = 72Hz, l0.6Hz).3.98-4.l6(2H.m)- 
.4.28-4.38(2H.m).4.45*4.S5(lH, m),6.94( 1 H.dU = 1 .0Hz,8.0Hz),7.04(l H.dt.J = l.OHz.8.0 Hz). 7.08- 

(1 H.dJ = 1 .8Hz>.7 30( I H.d.J = 8.0Hz).7.35( l H.d. J = 9.3Hz).7.50( 1 H.d.J = 8 0Hz).7 69( 1 H.d.J = 7. 1 Hz).8.48 

( 1 H.d.J = 8. lHz).8.54( I H.d.J =6.4Hz).8 58(1 H.o.J = 3 2Hz). 10.76(1 H.d.J = 1 8Hji 
Optical Rotations [ q iy = + I 2* (c 0 27. DMSOi 
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EXAMPLE 27 

cyclo(-DTrp-DAsp-Thr-DVai-Leu-) 
m.p.: >300 C 

£ IRtKBrxm" 1 ): 3298.2968.1674.1653.1539.1464.1392,1224. 1 179.741 
High Resolution FAB-MS<m/e.(C3oH4 2 N 6 0 3 +H)*J: 

Calcd : 615.3143 ' . 
Found : 615.3181 

to 'H-NMRtfOOMHz.DMSO-ds . 5 ppm):0.67(3H,d.J = 6.7Hz), 0.76(3H.d,J = 6.7Hz).0.82(3H,d,J = 6.7Hz).0.83- 
(3H,d.J = 6.7Hz), 1 .03( IH.d.J = 6.4Hz). 1 .04- 1.18(1 H.m), 1 .20-1 .36 (2H.m). 1 .76- 1 90( 1 H.m).2.42- 

(1H,dd.J = 4.7Hz,l6.1Hz). 2.76(1 H.dd.J = 9.1 Hz.1 6.1 Hz).2.88(1 H.dd.J = 9.9Hz,14.7Hz). 3.21- 

(1 H.dd.J = 4.1 Hz, 1 4.7Hz).3.85-3.95( 1 H.m),3.99( 1 H.t, J = 8.6Hz),4. 1 1 -4.20(2H.m),4.30-4.37( 1 H,m).4.39( 1 H.d. 
J = 4.3Hz),4.48-4.57(1 H,m),6.95(1 H.t.J = 7.9Hz),7.03.(1 H. t.J = 7.9Hz).7.08(1 H.d.J = 2.2Hz).730(1 H.d.J = 7.9Hz)- 

is .7.51 (1 H.d.J = 7.9Hz).7.59(1 H.d.J = 8.6Hz).7.78(1 H.d.J = 7.3Hz). 8.07(1 H.d.J = 8.3Hz),8.36(1 H.d.J = 8. 1 Hz)- 
,8.42(1 H,d.J= 6.8Hz),lO. 77(1 H.d.J = 2.2Hz), 12.08 (IH.brs) 
Optical Rotations: [ a ]g 0 = -8.5*(c 0.42. DMSO) 

EXAMPLE 28 

20 

cyclo(-PTrp-DAsp-Ala-DLeu-Leu-) 
m.p.: 245 C(dec.) 

IRtKBr.cm- 1 ): 3448.2950.1650.1542.1230 

High Resolution FAB-MS(m/e.(C 3 cH*2N 6 07 + H)*): 

25 

Calcd : 599.3193 
Found : 599.3218 

1 H-NMR(300MHz.DMSO-d 6 . 6 ppm):0.65(3H.d. J = 6.3Hz), 0.75(3H.d. J = 6.3Hz).0.86(3H.d.J = 6.6Hz),0.87- 
(3H,d.J = 6.6Hz),0.85-1. 05(1 H,m).1.l2(3H,d.J = 6.8Hz),1. 15-1. 60 (5H,m),2.35-2.55(1H,m),2.68-2.78(1H,m),2.87- 
30 (IH.dd. J = l0.8Hz.14.3Hz) l 3.15-3.40(1H.m).4.00-4.l0(1 H,m),4.31-4.57(4H,m).6.96(1H,t.J = 7.4Hz),7.04- 

( 1 H.t, J = 7.4Hz).7. 10 ( 1 H.d.J = 2.2Hz).7.3 1 ( 1 H.d. J = 7.4Hz),7.36(1 H.d.J = 9.5Hz). 7.51(1 H.d.J *- 7.4Hz),7.67- 
(1H.d,J = 7.6Hz),8.60-8.68(3H,m), 10.79(1 H.brs) 

EXAMPLE 29 

35 

cyclo(-DTrp-DAsp-Ala-DThr-Leu-) 
m.p.: 230 C(dec.) 

IR(KBr,cm -1 ): 3322.2968. 1 668. 1 539. 1 236. 1 1 79 
High Resolution FAB-MSfm/e.fCss^aNeOs + H)*): 

Calcd : 587.2830 
Found : 587.2834 

' H-NMR(300MHz.DMSO-d«; , 5 ppm):0.63(3H.d.J = 6.3Hz). 0.75(3H.d.J = 6.3Hz).0.90-0.99( 1 H,m),1 .01 - 
(3H,d.J = 6.1Hz), 1.l3(3H.dJ = 7.1Hz).1.l0-1.32(2H.m).2.40-2.60(1H ) m). 2.74( 1 H.dd.J = 10.7HZ.1 6.2Hz).2.86- 
J5 ( 1 H.dd.J = 1 1 .6Hz. 1 4.9 Hz).3.20-3.63(2H,m),3.70-3.80( I H.m).3.94-4.04( 1 H.m). 4.23(1 H.dd.J = 4.5Hz,9.5Hz)- 
.4.30-4.40(1 H.m).4.43-4.60 (2H.m).6.95(1 H.t.J = 7. 3Hz), 7. 04(1 H.t, J = 7. 3Hz). 7.09(1 H. d.J = 1 .8Hz).7.23- 
(1 H.d.J = 9.5Hz),7.3l(1 H.d.J = 7.3Hz).7.51 (1 H.d.J = 7.3Hz).7.78(1 H.d.J = 7.1 Hz).8.57(1 H.d.J = 5.9Hz). 8.68- 
( l H.d.J = 9.9Hz).8.79( IH.d.J = 8.0Hz). 10.78(1 H.J.J = 1 8Hz) 

53 EXAMPLE 30 

cyclo(- DTrp-DAsp-P ro-DVal-Leu-) 
m.p.: 175-130' C 

IR(KBr.cm" : ): 3424.2950, 1 668. 1 536. 1 458 
55 FAB-MS(m e.iC^gHjjNoO; + H)*):583 

H-NMR(300MHz,DMSO-di. 5 ppm):0.58(3H.d.J = 6.6Hz). 0.71 (3H,d.J = 6.4Hz).0.75-0.95(1 H.m),1 .10-1 .30- 
{2H.m>. 1.11 (3Hd.J = 6 7H?U 51-1 70( 1 H.m). 1 .70- 1 98(2H.m). 2.l4-2.24(1H.m),2.34(lH.dd.J = 4. 1Hz. 16.1Hz)- 
.2 79MH.dd. J = lO.OHz.16 1 Hz).2.88<1 H.dd.J = M 5Hz. 1 4 4Hz).3 03-3.22(1 H.m).3 20-3.40(2H.m>.3.87-3.99- 



26 
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( 1 H.m).4 ?8( 1 H. ddd.J = 3 2Hz.8 OH z. 1 1 .5K:).4.45< 1 H.dq.J = 6.7Hz. 1 O.OHz), 4.69( 1 H.d-like.J = 7.3Hz).4.93 
(1h.<U = 4.lHz.l0.0Hz). 6.95(1 H.t.J = 7.7Hz)7.04(1 H.t.J = 77Hz),7.l2(1H,d.J = 2.2Hz)7 31(1 H.d.J = 77Hz) 
,7.46( 1 H.d.J = 1 0.0Hz)7.50( 1 H. d.J = 77Hz),778( 1 H.d.J = 10.0Hz).8.62( 1 H.d.J = 5.3Hz). 8.67(1 H.d.J = 8.0Hz) 
.10.80(1 H.d.J = 2.2Hz) 

EXAMPLE 31 

cyclo(-OTrp-DAsp-Pro-Dlle-Leu-) 
m.p.: 149-153 C 

IR(KBr,cnn- : ): 3322.2962.1656.1536.1461 .1392.1344.1236. 1173.1098 
High Resolution FA8-MS(m.e.(C 3 ;H*«N 5 0; +H)* ): 

Calcd : 625.3350 
Found : 625.3365 

'H-NMRtfOOMHz.DMSO-ds. 5 ppm):0.6t (3H,d,J = 6.3Hz). " 074<3H,d.J = 6.4Hz),074-0.91(6H,m),0.96-1 .22- 
<4H,m), 1.41-1. 55(1 H.m),1 .54-1 .70(1 H,m),1. 70-1. 85(1 H,m). 1.86-1. 98(2H.m) t 2. 10-2.20(1 H,m).2.32- 

(1 H.dd.J = 4.0Hz.l6.0Hz), 2.77(1 H.dd.J = 9.5Hz.l6.0Hz),2.89(1 H.dd.J = 1 1 .2Hz,1 4.4 Hz),3.20-3.30(1H,m),3.30- 
3.40(2H.m),3.95-4. 1 2( 1 H.m). 4.1 0-4.29(2H,m).475(1 H.d-like.J = 6.9Hz).4.94( 1 H.ddd. J = 5.0Hz,9.0Hz.9.0Hz)- 
.6.96( 1 H.dt.J = 1 .0Hz.8.0Hz).7.04 ( 1 H.dtJ = 1 0Hz,8.0Hz).7. 14(1H,d,J =2.1 Hz).7.31 ( 1 H.d. J = 8.0Hz),7.49- 
( 1 H.d.J = 1 0.2Hz).7.50( 1 H.d.J = 8.0Hz).7.63 ( 1 H.d, J = 9.0Hz),8.78( 1 H.dJ = 6.5Hz).879(1 H,d,J = 6.5Hz). 1 0.80- 
(1 H.d.J =2.1 Hz) 

EXAMPLE 32 

cyclo(-OTrp-DAsp -Pro-Dalle-Leu-) 
m.p.: 190 C(dec.) 

I R(KBr .cm " ): 3448.2968. 1 659. 1 536. 1 46 1 

High Resolution FAB-MS(nrve.(C32H4*N 6 07 + H)*): 

Calcd : 625.3350 
Found : 625.3309 

H-NMR(300MHz,DMSO-d 6 , 6 ppm):0.59(3Kd,J = 6.3Hz). 0.72(3H.d,J = 6.3Hz).0.80-0.91(6H,m),0.87-1 .06- 
(1H.m), 0.97-1. 40(4H,m),l. 40-1. 58(1 H.m).1. 53-1. 71 (IH.m).l. 67-1. 87(1 H,m),1. 85-2.00(1 H.m).2.22-2.31 (1 H.m)- 
.2.32(1 H.dd. J = 4.0Hz.1 7.0Hz), 276(1 H.dd.J =6.2Hz.17.0Hz).2.89(1H.t, J = 1 3. 4Hz),3.05-3.60(3H.m).3. 92-4.03- 
(1 H.m).4.22-4.35 (2H.m).4.75(1 H.d-like.J = 7.4Hz).4.90-5.03(1 H.m),6.95 (1 H.t.J = 7.4Hz)7.04(1 H.t.J = 7.4Hz)- 
.7. 1 3( 1 H.d.J = 1 7Hz). 7.31 (1 H.d.J = 7.4Hz)7 50(1 H,d,J = 7.9Hz)751 ( 1 H.d.J = 7.4Hz).773(1 H.d.J = 9. 1 Hz)- 
.8.78( 1 H.d.J = 6. 1 Hz).878( 1 H. d.J = 6. 1 Hz), 1 0.80(1 H.d.J = 1 7Hz) 

EXAMPLE 33 

cydo(-DTrp-DAsp-Pro-DNIe-Leu -) 
m.p.: 159-165 C 

IRfKBr.cm-' ): 3442.2962. 1 656. 1 539. 1 455 

High Resolution FAB-MS(me.(C J/ H4 4 N^O; + H)*): 

Calcd : 625.3350 
Found : 625.3341 

: H-NMR(300MHz.DMSO-ds . j ppm ):0.59(3H.d. J = SAHz). 0 7 1 (3H d.J = 6.3Hz).0.82(3H.t.J = 6.9Hz).0.90- 1 .03- 
(iH.rn). 1. 10-1. 35(6H. mi. 1.35-1. 56(2H.m). 1.53-1 .71(1 H.m). 1.71 -2.00(2H,m),2.l9-2.29(i ri,i. .).2.33- 

( i H.dd.J = 4. 1 Hz. 1 5.8Hz). 278( 1 H.dd.J = 9.1 Hz. 1 5.8Hz).2.89( 1 H.dd.J = 1 1 .4Hz. 1 4.6 Hz).3. 1 3- 

( 1 H.at.J = 2.5Hz.9.0Hz),3.20-3.60<2H.m),3.95<1 H. q.J = 5.3Hz).4.26(1 H.ddd.J = 5.1 Hz.8.6Hz.1 1 .4Hz).4.36(1 H. 
q. J = 1 0.3Hz).472( 1 H.d-like.J = 7.4H z>.4.95( 1 H.dt.J = 4. 1 Hz.9.*1 Hz).6.95' 1 H.t.J = 8. 1 Hz). 7.03( 1 H.t.J = 8. 1 Hz)- 
7.13 (1H.d.J = 2.2Hz).7.3l(lH.d.J = 8.lHz).7.43(1H,d.J = 10.3Hz). 7.50( 1 H.d.J = Hz}7./3(1 H.d.J = 9.1Hz)- 
,873( 1 H.d.J = 5.3Hz).8. 75( 1 H.d.J = 8 6Hz). 1 0.80( 1 H.d.J = 2.2Hz) 

EXAMPLE 34 

■:\ ^iOi-DTrp-DAsp-Pro-DPng-Leu-i 



EP 0 436 189 A1 



m.p.: 185-189*C 

..1(KBr,cm- ): 33 1 0.3058.2962. 1 665. 1 536. 1 458. 1 233 
High Resolution FAB-MS(m.e.(C 3 4H4 = N 6 0; +Hf ): 

5 Calcd : 645.3036 
Found: 645.3015 

1 H-NMR(300MHz.DMSO-d 6 , 5 ppm):0:56(3H,d.J = 6.6Hz), 0.69(3H.d. J = 6.4Hz),0.76-0.95( t H,m), 1.10-1 .35- 
(2H.m), 1. 58-1. 75(1 H,m),1.75-1.90(1H,m).1. 85-2^ 

(1 H.dd.J = 8.6Hz,16.4H2).2.89(1H.dd.J= 11.6Hz ( 14.7Hz).3.05{1H.m). 3l5-3.55(2H,m).3.88-4.02(1H.m),4.3l- 
70 (1H,ddd,J = 2.9Hz, 8.1Hz.14.7Hz).4.83(1H.d-like.J = 7.0Hz).5.00(1H.dt.J = 4.1 Hz.8.6Hz).5.63(1 H.d.J = 10.3Hz)- 
,6.95(1H,t.J = 7.6Hz), 7.03(1 H.t.J = 7.6Hz),7.1 1(1 H.d.J = 1 8Hz),7.26-7.45(6H,m), 7.50(1 H.d.J = 7.6Hz),7.70- 
0 H.d.J = 8.6Hz).8.19<1 H.d.J = l0.3Hz),8.76<1 H.d.J = 8.1 Hz).9.09(1 H.d.J = 5.4Hz),10.80 (1 H.d.J = 1.8Hz) 

EXAMPLE 35 

;s 

cyclo(-DTrp-DAsp-Pro-DNva-Leu-) 
m.p.: 156 C(dec) 

IRfKBccm" 1 ): 3322.2962. 1 668. 1 536, 1 46 1 , 1 242, 1 203.745 
High Resolution FAB-MS(m/e,(C 3 i Hi 2 N 6 07 +H)*): 

20 

Calcd: 611.3193 
Found: 611.3193 

H-NMR(300MHz.DMSO-d 6 . 5 ppm):0.59(3H,d. J = 6.3Hz). 0.71 (3H.d. J = 6.3Hz).0.86(3H,d. J = 7.2Hz),0.85-1 .02- 
(IH.m), 1.14-1.36(4H,m),1. 37-1. 49(2H,m),1. 52-1. 98(3H,m),2.1 8-2.27(1 H.m).2.33(1 H.dd.J = 4.0Hz.l6.2Hz).2.78- 

25 (1H.dd.J= l0.3Hz.l6.2Hz).2.89(1H.dd.J= 1 1.4Hz,14.6Hz),2.99-3.07 (1H,m),3.1 4-3.29(1 H,m),3.23- 

(1 H.dd.J = 2.7HZ.1 4.6Hz). 3.95(1 H.dU = 6.0Hz,7.0Hz),4.27(1 H.ddd.J = 2.7Hz,7.6Hz, 1 1 .4Hz),4.39- 

(1H,dt,J= 10.2Hz.8.0Hz),4.72(1H.d-like, J = 7.0Hz).4.96<1 H.ddd.J = 4.0Hz,7.7Hz.l0.3Hz),6.95(1 H.t, J = 7.6Hz)- 
,7.04(1 H.t.J = 7.6Hz).7. 13(1 H.d.J = 1 .9Hz),7.30 (1 H.d.J = 7. 6Hz), 7.42(1 H.d.J = 10.2Hz), 7.50(1 H.d.J = 7.6Hz). 
7.73(1H.d.J = 7.7Hz).8.73<1 H.d.J = 7.6Hz).8.74(1 H.d.J = 6.0Hz), 10. 79(1 H.d.J = 1 9Hz),l2.30(1H,brs) 

30 Optical Rotations: [ q ]6° = + 64.9*(c 0.45. MeOH) 

EXAMPLE 36 

cyclo(-OTrp-DA sp-Ser-DVal-Nle-) 
35 m.p.: 235 C(dec~) 

IR(KBr.cm - : ): 3286.3060,2962, 1 647. 1 554, 1 460. 1 385, 1 225. 
1172.1059 High Resolution FAB-MSfm/e.tC^KoNgOs +H) : ); 

Calcd : 601.2986 

40 Found : 601.3005 

: H-NMR(300MHz.DMSO-d 6 . 5 ppm);0.72(3.H.t.J = 7.1 Hz). 0.83(3H.d.J = 6.7Hz),0.84(3H,d.J = 6.7Hz).0.85-1 .18- 
(4H.m). 1. 32-1. 43(2H.m).1. 75-1. 93(1 H.m).2.43(1 H.dd.J = 4.2Hz. l6.5Hz).2.73(1H,dd.J = 9.6Hz.16.5H^).2.88- 
{ 1 H.dd.J = 10.8 Hz. 1 4.7Hz),3. 1 8-3.42(2H,m),3.68-3.80( 1 H.m) t 3.93-4.06 ( 1 H.m),4. 1 2( 1 H.dd.J = 7.3Hz.8.9Hz)- 
.4.27-4.38(2H ( m),4.45-4.53(1H.m),4.66(1H.U = 5.6Hz),6.96(1H.t.J = 7.1H.-!).7.04 {1 H.t.J = 7. 1Hz). 7.1 1- 

J5 ( 1 H.d.J = 1 .4Hz).7.30( 1 H.d.J = 7. 1 Hz). 7.40(1 H.d.J = 8.9Hz).7.53( 1 H.d.J = 7. 1 H;).7.74( 1 H.d.J = 7.3Hz),8.44- 
(1 H.d.J =8.1 Hz).8. 50-8.57(2H.m). 10.77(1 H.d. J = 1.4Hz) 

EXAMPLE 37 

50 cyclo(-DTrp-DAsp-Ser-DVal-Met-) 
m.p.: 275 C(dec.) 

IR{KBr.crrr ' ): 32S8.2975. 1 650. 1 542. 1 238 

High Resolution FAB-MS(m e.(C: 5 H;.3No0 3 S + H)*): 

55 Calcd : 619.2550 
Found: 619.2530 

'H-NMR(300MHz.OMSO-d6. & ppm):0 83(6H.d.J = 6.6H2). I4i)-1 /3(2ri.m».l 73- i .89(1H.m).1.9l(3H.s).i.91- 
2.07 flH.m>.2 l7-2.30(lH.mi 2.38(1 H.dd.J = 4. 7Hz. 16 lHz» 2 76< iH.Od.J = 9. 1 H;r.l6. 1 Hz).2.S8- 
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( 1 H.dd.J = 1 O.OHz. 1 4.9 Hz).3.23( 1 H.dd.J = 3.2Hz. 1 4.9Hz).3.28-3.45( I H,m).3.65-3.73( 1 H.m),4.07( I H.t.J = 9. 1 Hz)- 
.1.15(1 H.q.J = 6.4Hz),4.28-4.39(2H,m).4.40^4.51< 1 H.m),4.68<1 H.t.J = 5.6Hz).6.95(1H, t,J = 8.0Hz).7.03- 

(1 H,U = 8.0Hz),7.lO(1 H.d.J = 1 .9H2).7.30 (1 H.d.J = 8.0Hz).7.47(1 H.d.J = 9.1 Hz), 7. 53(1 H,d J = 8.0Hz). 7.75- 
(1 H.d.J = 7.3Hz),8.32(1 H.d.J = 8.4Hz).8.51 (1 H.d.J = 8.5Hz),8.6 1 (1 H.d.J = 6.4Hz), 1 0.79(1 H.d.J = 1 .9Hz) 

5 

EXAMPLE 38 

cycio(-DTrp-DAsp-Asp-DVal-Ala-) 
m.p.: 272 C(dec.) 
w IR(KBr,cm- T ): 3292,2960,1668.1539.1461,1390,1341.1235. 1181.740 
High Resolution FAB-MS(m/e,(C:7H 3 *N & Oo ♦ H)*): 

Calcd : 587.2466 
Found : 587.2461 

rs 'H-NMRtfOOMHz.DMSO-ds, 5 ppm):0.8l(3H,d,J = 6.8Hz), 0.84(3H.d.J = 6.8Hz).0.99(3H.d.J = 6.7Hz), 1.77-1. 90- 
(1H,m), 2.3l{1H.dd.J = 4.6Hz.l6.6Hz).2.41(1H ( ddJ = 3.9Hz.16.6Hz). 2.70(1 H.dd.J = 9.8Hz.1 6.6Hz),2.80- 
(1H ( dd.J=9.9Hz.l6.6Hz), 2.92(1H,dd.J = l0.9Hz.14.9Hz) ( 3.20-3.30(1H.m),4.l0-4.l9 <1H,m).4.l9- 

(1H,ddJ=6.8Hz.l0.1Hz)A25-4.36(1H,m), 4.49-4.57(1 H,m) ( 4.63-4.76(1H t m) ( 6.97(1 H.t.J = 7.8Hz). 7.05- 
(1 H.t.J = 7.8Hz).7.12(1H,d.J= 1.8Hz).7.28(1H,d.J = 10.1Hz).7.31(1H,d.J = 7.8Hz).7.54(1H,d.J = 7. 8Hz), 7.69(1 H. 

20 d.J = 7.3Hz),8.68< 1 H.d.J = 1 0.9Hz).8.72(1 H.d.J = 8.2Hz), 8.87(1 H.d.J = 8. 1 Hz). 1 0.79(1 H.d, J = 1 .8Hz) 

EXAMPLE 39 

cycio(-DTrp-DAsp-Aia-DVai-rro*) 
25 m.p.: 186 C(dec) 

IR^Br.cm- 1 ): 3424.2968.1671.1536.1449.1026. 
High Resolution FAB-MS(m/e.{C 2 8H 3 6N&07 + H)*): 

Calcd : 569.2724 

30 Found : 569.2737 

■ H-NMR(300MHz,DMSO-d 6 . 5 ppm):0.84(3H,d.J = 6.5Hz). 0.89(3H.d.J = 6.6Hz). 1.11 (3H.d,J = 6.9Hz). 1 .57- 1 .73- 
(2H ( m). 1.73-2.l0(3H.m),2.30-2.45(1H.m),2.45-2.60(1H,m).2.96 (IH.dd.J = 4.1 Hz. 10.5Hz),3.0l -3.30(1 H.m).3.47- 
3.60(2H, m) ( 4.20-4.30(1H,m).4.30-4.40(2H.in).4.40-4.52(2H.m) 1 6.97(1 H.dt.J = 1 CHz.8.0Hz).7.06- 

( 1 H.dt.J = 1 0Hz,8.OHz). 7. 1 2(1 H.d.J = 2.0Hz).7.31 ( 1 H.d.J = 8.0Hz),7.49( 1 H.d.J = 6.0Hz).7.52( 1 H.d.J = 8.0Hz)- 

35 .7.75(1 H.d.J = 4.0Hz).8.47(1 H. d.J = 9.0Hz).8.76,' i H.dJ = 8. 1 Hz), 10.80(1 H.d.J = 2.0Hz) 

EXAMPLE 40 

cyclo(-DTrp-DAsp-Pro-DVal-lle-) 
40 m.p.: 240 C(dec.) 

IRfKBr.cm - 1 ): 3430.2974. 1 656. 1 539. 1 45S. 1 233 
High Resolution FAB-MS(me.(C 3: N*;>N 6 07 + H)*): 

Calcd: 611.3193 
^5 Found: 611.3206 

H-NMR(300MHz,OMSO-d 5 . 5 ppm):0.14(3H,d.J = 6.5Hz). 0.6l(3H.t.J =6.8Hz).0.73(3H.d.J =6.6Hz).0.77- 
(3H.d. J = 6.6Hz).0.90-1 .04( 1 H.m), 1 .23- 1 .37( 1 H.m), 1 .40-2.05(5H. m),2. 1 5-2.24( 1 H,m).2.30-2.45( 1 H.m).2.50- 
2.65(1 H.m), 2.70-2.85(1 H,m).3.00-3.50(3H.m),3.67(1 H.dd.J = 7.1 Hz. 10. 7Hz). 4. 05(1 H.t.J = 8. 8Hz). 4.1 5-4. 25- 
(1H.m),4.58(1H, d-like,J = 7.1 Hz).4.80-4.90(1 H.m). 6. 87(1 H.t.J = 7.2Hz). 6.95(1 H.t.J = 7 2H^ 7.08- 

50 (1H.d.J= 1.9Hz). 7.l3(1H.brs). 7.21 (1 H.d.J = 7.2Hz).7.43(1 H.d.J = 7.2Hz).7.37(1 H.d.J = 9.6Hz).8.60-8.67(2H.m)- 
.l0.71(1H.d.J= 1.9Hz) 

Optical Rotations: [ o ]£ : = +32.0* (c 0.26. MeOH) 
EXAMPLE 41 

50 

cyclo(-Dr;p-DAsp-Pro-PVa l-iNle-> 

1R( KBr.cm - ): 3304.2968. 1 659. 1 536. 1 458. 1 233. 1 203. T44 
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High Resolution FAB-MS(m/e.(C 3; H* 2 N 6 07 + H)*): 

Calcd: 611.3193 
Found: 611.3198 

, H-NMR(300MHz,DMSO-d6, 6 ppm):0.68(3H,t.J = 7.1Hz). 0.83(3H,d.J = 6.7Hz).0.87(3H,d.J = 6.7Hz),0.90-1 .43- 
(4H,m). 1 .53-2.00(4H,m),2.22-2.40(2H t m),278( 1 H.dd, J = 1 0.5Hz. 1 6. 1 Hz).2.90( 1 H.dd.J = 1 1 6Hz. 1 4.5Hz),3.08- 
3.40(3H.m). 3.83-3.94(1 H,m),4.14(1Hdd.J = 8.1 Hz.9.9Hz),4.22-4.33 (1H.m),4.76(1H.d-like.J = 7.3Hz),4.95-5.06- 
(1 H.m).6.96 (1 H.t.J = 7.6Hz),7.05(1 H.t.J = 7.6Hz),7.16(1 H.d.J = 2.5Hz). 7.31(1 H.d.J = 8.1 Hz),7.49- 

(IH.d.J = 9.7Hz).7.52(1 H.d.J = 7.6Hz).772(1 H.d.J = 8.7Hz).8.71(1 H.d.J = 7.6Hz),8.78(1 H, d.J = 5.2Hz).l0.78- 
(1 H.d.J = 2.5Hz). 1 2.29( 1 H.brs) 

EXAMPLE 42 

cyclo(-OTrp-DCys (0 3 Na)-Cy s(0 3 Na)-DVal-Leu-) 
m.p,: 286 C(dec.) 

^(KBr.cm- 1 ): 3298.2968.1659.1545.1200.1050.741 ^ 
High Resolution FAB-MS(m/e.(C2 8 H* 0 N 6 Oi iS 2 + H)*): 

Calcd: 701.2275 
Found : 701.2283 
FAB-MS(m/e.(C28H3sN 6 Na20tiS2+H) # ):745 

1 H-NMR(300MHz,DMSO-ds. 5 ppm):0.68(3H,d.J = 6.3Hz). 0.76(3H,d.J = 6.3Hz),0.82(3H.d,J = 6.7Hz),0.83- 
(3H,d,J = 6.7Hz).1 .10-1 .20(1 H.m).1 .27(2H,t.J = 7.3Hz).1 .85-1 .95 (1 H.m).2.70-2.80<2H,m),2.84- 

0 H.dd.J = 1 1 .0Hz,14.7Hz), 3.07(IH,dd.J = 5.5Hz.i3.9Hz),3.i5-3.40(2H.m).4.13(iH.dd 1 J = 6.4Hz.3.3Hz),4.iS- 
(1 H.q.J = 7.3Hz).4.35-4.45(2H.m). 4.56(1 H.q.J = 7.5Hz).6.95( 1 H.t.J = 6.9Hz).7.03(1 H.t.J = 6.9Hz).7. 1 7- 
( 1 H.dJ = 2.1 Hz).7.29(1 H.d.J = 6.9Hz),7.50(1H, d.J = 9.3Hz).7.55( 1 H.d.J = 6.9Hz),8.01 < 1 H.d.J = 7.4Hz),8. 1 1 
(1 H,d,J = 8.5Hz).8.44( 1 H.d.J = 7.3Hz).8.61 (1 H,d. J = 7.5Hz), 1 0.76( 1 H.d.J = 2. 1 Hz) 

EXAMPLE 43 

cyclo(-DTrp-DCys(0 3 Na)-Pro-Dalle-Leu-) 
m.p.: 282 C(dec.) 

^(KBr.cm" 1 ): 3448.2962.1665.1535.1456.1220 
FAB-MS(m/e.(C 3 1 H* 3 N 6 NaOa S + H)* ):683 

' H-NMR(300MHz,OMSO-d 6 . 5 ppm):0.6l (3H.d.J = 6.6Hz). 0.71 (3H ( d.J = 6.3Hz).0.80(3H,d.J = 6.8Hz),0.84- 
(3H.t. J = 7.3Hz).0.87-1 . 1 6(2H.m), 1 .14-1 .40(3H,m), 1.41-1 .70(2H, m). 1 .65- 1 .95( 1 H.m).2. 1 2-2.28( 1 H.m),2.44- 
2.70(1 H.m). 2.57(1 H,dd,J = 2.1Hz t l3.4Hz),2.9l(1 H.dd.J = 11.4Hz,14.2 Hz).3.10-3.54(3H.m).3.65- 

( 1 H.q.J = 8.0Hz).4.1 1 (1 H.q.J = 6.8Hz).4.1 7-4.32(2H.m).4.62(1 H,d-like.J = 6.2Hz).4.97 (1 H,m),6.95- 

(1 H.t.J = 7.7Hz).7.03(1 H.t.J = 7.7Hz).7.12(1 H. d.J = 2.2Hz).7.22{1 H.d.J = 8.3Hz).7.30(1 H.d.J = 7.7Hz) 7 .52 

(1 H.d.J = 7.7Hz).8.09(1 H.dJ =9.3Hz).8.59(1 H.d.J = 6.8Hz). 8.70(1 H.d.J = 8.5Hz).1 0.77(1 H.d.J = 2.2Hz) 

According to the same procedure described in Example 6. each title compound described in the 
following Examples 44-50 was prepared from the corresponding Fmoc amino acids in which sidechain 
functional groups were protected with the appropriate protective groups, if necessary. 

EXAMPLE 44 

cyclo(-DTrp-DAsp-Val-DVal-Leu-) 
m.p.: >300 C 

IRfKBr.cnrr 1 ):3298.3064,2968. 1 644. 1 542. 1 392.1 227 
High Resolution FAB-MS(m.e.(C 3 i H 4 4N s O; + H)*): 

Calcd: 613.3350 
Found: 613.3393 

H-NMR(300MHz.DMSO-d&. & ppm):0.66(3H,d J =6.3H2). 0.75(3H.d.J = 6.3Hz),0.80-0.86(l2H.m>, 1.00-1. 12- 
{lH,m>. 1. 20-1. 25(2H.m).l.78-2.03(2H,m) l 2.48(1 H.dd.J = 4.5Hz, l6.2Hz).2.72(lH.dd.J = 10.1Hz.16.2Hz).2.89- 
(!H.dcU = 10.5 Hz,14.4H2).3.23(1H.dd.J = 3.4Hz.14.4Hz),3.93-3.Q9(1H.m), 4.06-4.1 5(2H.m).4.28-4. 35(1 H.m)- 
.4.43-4.48(1 H,m).6.96 ( 1 H.t.J = 7.6Hz).7.04(l H.t.J = 7.6Hz). 7. 10(1 H.d.J = \ 8Hz). 7.31( I H.d.J = 7 6Hz).7.45- 
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( 1 H.d.J = 9.3Hz),7.53< IH.d.J = 7.6Hz>, 7.56( 1 H.d.J = 7. 1 Hz).8.45( IH.d.J = 6.8Hz),8.50( 1 H, d J = 8.5Hz).8.5 1 - 
( 1 H.d.J = 8.4Hz). 1 0.79( 1 H.d.J = 1 .8Hz), 12.1 8(1 H.brs) 
Optical Rotations: [ a j|° = -9.5* (c 0.38. DMSO) 

5 EXAMPLE 45 

cyclo(-DTrp-DAsp-Pro-DVal-Nva-) 
m p.: 175-176 C 

IR(KBr,cm - 1 ):34 1 2.2968, 1 659. 1 539, 1 46 1 
w High Resolution FAB-MS(m/e,(C3oH* c N 6 07 + H)*): 

C:-.lcd : 597.3036 
Found : 597.3052 

1 H-NMR(300MHz,DMSO-d 6 . 5 ppm):0.63-0.98(2H.m). 0.67(3H.t.J = 6. 1 Hz),0.82(3H,d, J = 6.8Hz).0.86(3H,d. J = 
is 6.5Hz), 1 .24-1 .32(2H,m).1 .56-1 .81 <2H,m),1 .86-1 .96(1 H, m),2.20-2.50(3H.m),2.77< 1 H.dd.J = 1 0.7Hz. 1 6.2Hz).2.89 
( 1 H.dd.J = 1 1 5Hz. 1 4.6Hz).3.23(1 H.dd.J = 3.3Hz.1 4.6Hz). 3.35-3.42(2H,m),3.88-3.95( 1 H m). 4. 1 3- 

(1 H.dd.J = 8.3Hz. 9.8Hz).4.26(1 H.ddd.J = 3.3Hz,8.2Hz,1 1 .5Hz),4.75<1 H.d -like, J = 7.3Hz),4.92-5.00(1 H.m).6.95- 
(1 H.t.J = 7.2Hz), 7.04(1 H.t.J = 7.2Hz),7.1 5(1 H.d.J = 1 .5Hz).7.3l(1 H.d.J = 7.2Hz).7.49(1 H.d.J =8.3Hz). 7.51- 
( 1 H.dJ = 7.2Hz),7.71(1H, d.J = 8.7Hz).8.71 ( 1 H.d.J = 8.2Hz),8.77(1 H,d, J = 4.9Hz), 1 0.78 (1 H.rt, J = 1 5Hz) 
20 Optical Rotations: [ a lg° = + 47.4 ' (c 0.50. MeOH) 

EXAMPLE 46 

cyclo(-DTrp-OAsp-Nle-DVal-Leu-) 
25 m.p.: >300 C 

IR(K8r,cm- 1 ):3420.3286.2962. 1 644. 1 55 1 

High Resolution FAB-MS(nVe.(C 3 2H» 6 N 6 07 +H)*): 

Calcd : 627.3506 
30 Found : 627.3532 

' H-NMR(300MHz.DMSO-d 6 . 5 ppm):0.65(3H,d.J = 6.5Hz). 0.75(3H.d.J = S.5Hz),0.80-0.87(9H.m),0.97- 1 07- 
(1H,m). 1. 19-1. 24(6H.mU .41-1. 73(2H.m^ 

,2.88( 1 H.dd. J = 1 1 .3Hz. 1 4.4Hz),3,20-3.40(1 H.m),4.05-4. 1 8(2H,m),4.26-4.34(2H,m),4.48-4.55( 1 H,m),6.96- 

(1 H.t.J = 7.3Hz).7.04(1 H. t. J = 7.3Hz).7. 1 0(1 H.d.J = 1 .7Hz).7.31 (1 H.d.J = 7.3Hz).7.40 (1 H.d.J = 9.3Hz).7.52- 
35 (1 H.d,J = 7.3Hz).7.58(1 H.d.J = 7.1 Hz), 8.58(1 H.d.J = 6.4Hz).8.65(1 H.d.J = 5.9Hz).8.67(1 H.d.J = 6. 1 Hz), 1 0.78- 
(1H,d.J = 1.7Hz),l2.23(1H.brs) 
Optical Rotations: [ q )|° =-12.1 " (c 0.45, DMSO) 

EXAMPLE 47 

40 

cycl o(-DTrp-DAsp-Pip-DVal-Leu-) 
nTp^277 C(dec.) 

IRCKBr.cm' 1 ):3424.2S62. 1 665.1 536. 1 446.1 392 



High Resolution FAB-MS(m/e.(C32H**N 6 0 7 + H)*): 
Calcd : 625.3350 
Found : 625.3396 

H-NMR(300MH2.DMSO-ds. & ppm):0.6l(3H.d.J = 6.6Hz). 0.72(3H.d.J = 6.4Hz).0.83(6H.d.J = 6.oK. >.0 OS-l .04- 
50 (IH.m). 

1. 14-1. 25(2H.m). 1.30-1. 44(2H.m).1. 46-1. 71(3H.m). 1.73-1. 85(1 H.m). 1.88- 1.96(1 H.m),2.30- 
(1 H.dd.J = 3.9Hz. 16.0Hz). 2. 79( 1 H.dd.J = 10.1 Hz.l6.0Hz).2.89(l H.dd.J = 11. OHz.1 5.1 

Hz).3.20-3.6l(3H.m).3.96-4.02(1H.mi.4.l8(1 H.dd.J = 7.3 Hz.10.0Hz).4.2l -4.29(1 H.m).5.03( 1 H.d- 

like. J = 5.3Hz). 5. 11 ( IH.ddd.J = 3.9Hz.9.0Hz. 1 0. 1 Hz).6.82( 1 H,d. J = 1 0.0Hz). 6.95( 1 H.t.J = 7.9Hz).7.04- 
55 ( 1 H.t.J = 7.9Hz).7. J 4( 1 H.d.J = 1 .6Hz).7.3l ( IH.d.J = 7.9Hz). 7.5 1 ( 1 H.d.J = 7.9Hz).7.73( 1 H. d.J = 9.0Hz).879-8.83- 
<2H. m). J 0.80(1 H.d.J = i GH-j.i 2 26 

(iH.brs) 
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EXAMPLE 48 

cyclo(-OTrp-OAsp-Phe-OVal-Leu-) 
m.p.: 290 C(dec.) 
5 IR{KBr.cm- 1 ):3298.3064,2962, 1650, 1539 

High Resolution FAB-MS(nve.(C 3 sHi4N 6 07 + H)*): 

Calcd : 661.3350 
Found: 661.3354 

70 : H-NMR(300MHz.DMSO-d6 . 5 ppm):0.66(3H.d.J = 6.4Hz), 0.74(3H,d,J = 6.7Hz),0.76(3H.d.J = 6.4Hz).0.81 - 
(3H,d.J = 6.7Hz).0.97- 1 .1 3(1 H ( m),1 .19-1 25(2H,m),1 .75-1 .83(1 H. m),2.42( 1 H.dd.J = 4.3Hz. 1 6.2Hz),2.71 - 
(1 H.dd.J =9.9Hz,16.2 Hz),2.80(1H.dd,J = 8.3Hz,14.8Hz) ( 2.87(1H,dd.J = 10.0Hz. 14.8Hz).3.02- 

(1 H.dd.J = 6.3Hz.14.4Hz),3.29(1 H.dd.J = 3.2Hz. 14.4Hz).4.07-4.16(2H.m).4.31 -4.38(1 H,m),4.50-4.57(2H, m)- 
.6.96(1 H.t.J = 7.4Hz),7.05(1 H.t.J = 7.4Hz).7.10(1 H.d. J = 1 .8Hz) t 7-l3-7.29(5H.m).7.31 (1 H.d.J = 7.4Hz).7.39(1 H.d. 

zs J = 9.5H2).7.53(1 H.d.J = 7.4Hz).7.68(1 H.d.J = 7.3Hz).8.58 (1 H.d.J = 6.4Hz).8.67(1 H.d.J = 8.5Hz),8.84- 

(1H,d.J = 8.1Hz). l0.79(1H,d.J = 1.8Hz). 12. 15(1H.brs) 
Optical Rotations: [ a ]£° =-14.0* (c 0.57, DMSO) . 

EXAMPLE 49 

20 

cycio('DTrp-DCys(03Na)-Glu-DVal-Leu-) 
m.p.: 264 C(dec.) 

IR(KBr.cm- l ):3442.l686.1554,1443.12l2.1 140.726 
High Resolution FAB-MStm/e^CsoHiiNsNaOioS + Na)'): 

25 

Calcd : 723.2401 
Found : 723.2441 

! H-NMR(300MHz.OMSO-d 6 . 5 ppm):0.68(3H,d, J = 6.3Hz). 0.75(3H.d,J = 6.4Hz),0.79(3H.d.J = 6.9Hz).0.82- 
(3H,d.J = 6.9Hz),1 .04-1 .38(3H.m),1 .60-1 .98(3H.m),2.l2-2.34(2H. m).2.79(1 H.dd.J = 3.5Hz.1 3.0Hz).2.90- 
30 (1H,dd.J = 10.7Hz. 14.7H2).3.03(1H.dd.J = 8.4Hz.l3.0Hz) t 3.l8(1H.dd.J = 4.2Hz. 14.7Hz),4.00-4.31 (4H,m),4.44- 
(1 H.dddJ = 3.5Hz,7.3Hz, 8.4Hz).6.94(1 H.t.J = 7.6Hz).7.03(1 H.t.J = 7.6Hz).7. 1 7(1 H. d.J = 1 .7Hz).7.29- 
( 1 H.d.J = 7.6Hz).7.50(1 H.d.J = 7.6Hz).7.63 (1 H.d.J = 7.4Hz).7.8l(1 H.d.J = 9.0Hz).8.1 2(1 H.d.J = 7.0Hz). 8.2 1 - 
( 1 H,d, J = 7.8Hz).8.69( 1 H.d.J = 7.6Hz). 1 0.78( 1 H.d.J = 1 .7Hz), 1 2.00( 1 H.brs) 

35 EXAMPLE 50 

cyclo(-DTrp-DCys(Q 3 H)-Lys-DVal-Leu-) 
m.p.: 296 C(dec.) 

IR(KBr.cm _I ): 3298.3064.2962,1665.1536.1206.1041 

-jo FAB-MS(m/e.(C3iH4 7 N 7 09S + H)*):678 

: H-NMR(300MHz,DMSO-d 6 . 5 ppm):0.63(3H.d.J = 6.0Hz). 0.72(3H.d.J = 6:4Hz),0.79(3H.d.J = 6.5Hz),0.83- 
(3H,d.J= 6.5Hz),0.89-1. 88(10H,m),2.80(1 H.dd.J = 2.9Hz.1 3.0Hz). 2.90(1 H.dd.J = 1 1.5Hz,14.2Hz),3.l2- 
( 1 H.dd.J = 9.2Hz. 1 3.0 Hz).3. 1 8(1 H.dd.J = 8.4Hz, 1 4.2Hz),3.20-3.35(2H,m).4.02-4. 1 7(2H,m).4.20-4.34(2H,m)- 
.4.56{ 1 H.ddd.J = 2.9Hz.6.2Hz. 9.2Hz),6.95(1 H.t.J = 7.3Hz),7.03(1 H.t.J = 7.3Hz),7.1 3(1 H. d.J = 2.0Hz),7.30- 

45 (1 H.d.J = 7.3Hz).7.32(1 H.d.J = 6.2Hz). 7.51 (1 H.d.J = 7. 3Hz). 7.63(1 H.d.J = 9.2Hz).7.71 (3H.brs).8.47 

( 1 H.d.J = 6.5Hz).8.69(1 H.d.J = 8. 1 Hz).8.77( 1 H.d.J = 8.4Hz). 1 0.77( 1 H.d. J = 2.0Hz) 

EXAMPLE. 51 

so cycM-DTrp(CHO)-DAsp-Pro-DVal-Leu-) 

cyclo(-DTrp-DAsp-Pro-DVal-Leu-)(3.0mg) which was prepared in Example 15. was dissolved in formic 
acid (0.5ml). To the solution was introduced dry hydrogen chloride at room temperature with vigorous 
stirring until hydrogen chloride was saturated(ca. 15min). The reaction mixture was stirred at room 
55 temperature lor additional 50min and concentrated under reduced pressure. The residue was triturated with 
water(O.Smi) to give the title compound(3.0mg) a;> a pele yellow nowder. 
m.p.: 170* C(dec.) 

IR(KBr.cm"'):3442.2962.1 659. 1 536. 1 464. 1 392 
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High Resolution FAB-MS(m e.(d;H* ;N.0 3 + H)*): 
Calcd : 639 31 43 
Found : 639.3109 

■ H-NMR(300MHz.DMSO-de, , 5 ppm):0.52-0.80(3H,m). 0.60-0.70(3H,m).0.83(3H,d.J = 6.9Hz).0.86- 
(3H.d.J = 6.9Hz), 1.1 1-1. 31 (3H,m).l. 55-1. 83(3H.m),1. 89-1. 98(1 H,m),2^^ 

3.30(5H.m),3 89-4.03 { 1 H,m).4. 1 4< 1 H.dd J = 8 ; 1 Hz.9.9H2),4.38-4.48(1 H,m),4.77 { 1 H.d-like J = 7. 1 Hz),4.92-5.02- 
( 1 H.m).6.9 1 -7.60(4H,m). 7.63( 1 H.d.J 8. VH2).7.79( 1 H.d.J = 8.4Hz),7.92-8.29( 1 H.m), 8.75-9.00(2H,m)- 
.9.25 + 9.64(1 H.brs) 

According to the same procedure described in Example 51. each title compound described in the 
following Examples 52-56 was prepared from the corresponding cyclic pentapeptide in which the tryp- 
tophanyl residue had an intact indole NH group. 

EXAMPLE 52 

cyclo(-DTrp(CHO)-DGlu-Ala-Dalle-Leu-) 
m.p.: >300 C 

IR(KBr,cm " ' ):3448.3286.2968. 1 644, 1551.1 467. 1 389 
High Resolution FAB-MSfm/e.^H^NsOa + H)*): 

Calcd : 641.3299 
Found: 641.3279 

*H-NMR(300MHz.DMSO-d 6 . 5 ppm):0.58(3H.brs). 0.63(3H,brs).0.76(3H,d,J = 6.4Hz),0.85(3H,t.J = 7. 1 Hz), 1.02- 
1 09(2H,m), 1 . 1 2(3H t d J = 6.3Hz). 1 .22- 1 .31 (3H.m). 1 .52- 1 .62( 1 H.m). 1 .82-1 .96(2H.m).2. 1 5(2H,dd. J = 7.7Hz, 

1 5.4Hz).2.94( t H.dd.J = 1 2.5Hz.1 4.1 Hz),3.20-3.40<1 H.m), 3.95-4.03(1 H t m).4.22-4.32(1 H.m).4.31 - 

(1 H.dd.J = 5.5Hz. 7.6Hz),4.39-4.47(2H,m),7.28-7.36(2H,m),7.42<1 H.d.J = 5.5Hz).7.50-7.54<1 H,m).7.57- 
(1 H.d.J = 7.3Hz).7.63(1 H.d, J = 7.3Hz).8.01 + 8.21 (1 H,brs).8.65( 1 H.d.J = 5.3Hz),8.76(1H. d,J = 7.1 Hz).8.89- 
(1H,brs).9.25 + 9.62(1 H.brs) 

EXAMPLE 53 

cyclo(-DTrp(CHO)-DAsp : Pro-Dalle-Leu-) 
m.p.: 125-135 C 

IR(KBr,cm-'): 3280.2962.1635.1 653.1 4C4. 1389. 1050. 1029. 1008.756 
High Resolution FAB-MS(m/e.(C3 3H**N 6 08 +H)*): 

Calcd : 653.3299 
Found : 653.331 1 

: H-NMR(300MHz.DMSO-d&. 5 ppm):0.45-0.65(5H.m), 0.65-0.9l(6H,m),1.01-1.l3(1H,m),1 .14-1.34(5H.m),1.41- 
1. 54(1 H.m),1. 55-1. 68{1H.m).1. 69-1. 81 (1H.m),1. 87-1. 97 (1 H,m).2.22-2.32(1H.m).2.35-2.44(1H.m).2.8l(1H.dd. 
J = 9.8Hz, 1 5.7Hz),2.93( 1 H.dd, J = 1 2.7Hz. 1 4. 1 Hz).3.03-3.20 (2H,m),3.20-3.40(1 H,m),3.86-3.93( 1 H.m),4.29- 
( 1 H.dd.J = 6.6Hz,9.9Hz).4.35-4.50< 1 H.m),4.77( 1 H.d-Iike.J = 7. 1 Hz). 4.92-5.02(1 H,m),7.25-7.40(2H,m),7.48- 
(1H.d.J = 10.3Hz). 7.56(1H.brs).7.62(1H.d.J = 7.8Hz).7.85('H.d.J = 8.8Hz). 8.01 + 8.21(1 H,brs),8.8l - 

( 1 H.d.J = 4.6Hz).8.92(1 H.brs). 9.25 + 9.63(1 H,brs).1 2.30(1 H.brs) 

EXAMPLE 54 

cyclo(-DTrp(CHO)-DAsp-Ser-DVal-Nle-) 
m.p.: 224 C(dec.) 

IRiKBrxm" 1 ): 3454,3286.2960.1644,1560.1467,1392,1236. 1073.750 
High Resolution FAB-MSfm'e.fC.jcHoN^Os + Naf ): 

Calcd: 651.2754 
Found: 651.2748 

H*NMR(300MHz.DMSO-dti. 6 ppm):0.64(3H,t.J = 7.3Hz). 0.80(3H.d.J = 7.0Hz).0.85(3H,d J = 7.0Hz).0.90-1 .16- 
(4H,m). 1 .32- 1 .52(2H.m). 1 .88-2.05( 1 H,m),2.20-2.35( 1 H,m).2.40-2.55(' H.m),2.85-3.20(2H,m).3.30*3.50( 1 H.m)* 
.3.68-3.80 ( 1 H.m),4.03-4.54(4H.m).4.55-4.70( 1 H.m).4.90-5.08( 1 H. m),7.29-7.42(2H,m).7.60-7.80(3H.m).7.83- 
8.32(5H,m). 9.27 * 9:54f t H.brs) 
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EXAMPLE 55 

cyclo(-DTrp(CHO)-DAsp-Met-DVal-Leu-) 
m.p.: >300 C 

5 I^KBrxm" 1 ): 3304,2962.1665.1539,1464.1392,1341,1233. 1180.796756 
FAB-MS(m/e.(C 3 2 H* « N& Oa S + H) # ):673 

1 H-NMR(300MHz.DMSO-d 6 . 5 ppm):0.*58(3H.d.J = 5 9Hz), 0.63(3H,d.J = 5.9Hz).0.79(3H,d.J = 6.6Hz).0.82- 
(3H.d.J= 6.6Hz).0.90-1. 05(1 H.m) ( 1.. 10-1. 37(2H,m),1. 72-1. 95(3H. m),2.02(3H.s).2.30-2.60(3H,m),2.73- 
(1H,dd.J = 10.5Hz, l6.3Hz),2.92(1H,dd.J = 12.2Hz. 14.2Hz).3.20-3.40(1H,m), 3.99(1 H.dd.J = 5.6Hz.8.5Hz),4. 18- 
w (1 H.dd.J^ 6.2Hz,9.5Hz), 4.43-4.60(3H,m),7.27-7.38(3H,m) t 7.48-7.60(1H,m),7.62 (2H,d.J = 6.8Hz),8.0l-8.22- 
( 1 H,m).8.63-8.75( 1 H.m),8.76-8.95(2H,m),9.25 + 9.63( 1 H.fc rj), 1 2.30( 1 H.brs) 

EXAMPLE 56 

'/5 cyclo(-DTrp(CHO)-DAsp-Pro-DVal-Nva-) 
m.p.: 170-175 C 

I^KBr.cm- 1 ): 3304.2968.1659,1539.1464 1392.1230.1182 
High Resolution FAB-MS(m/e.(C 3 i H* 0 N6O 8 +H)*): 

20 Calcd : 625.2986 
Found : 625.2990 

'H-NMRtfOOMHz.DMSO-ds, 5 ppm):0.6l (3H.brs). 0.82(3H.d.J = 6.8Hz),0.85(3H,d.J = 6.8Hz). 1.26-1 .34(2H,m), 
" 1 .57- 1 .81 (3H.m).1 .87- 1 .97(1 H.m).2.22-2.28(2H,m),2.33-2.60(1 H,m),2.37( 1 H.dd.J = 3.5Hz. 1 5.6Hz),2.80- 
(1 H.dd.J = 10.3Hz.156Hz).2.93(1 H.dd.J = 12.4Hz,l3.6Hz).3.17(1H,dd. J = 5.7Hz.12.4Hz).3.45-3.68(2H,m).3.82- 
25 3.89(1 H,m).4.l3 ( 1 H.dd.J = 4.8Hz. 10.1 Hz),4.33-4.4 1(1 H.m),4.76(1H ( d-like, J = 7.4Hz).4.92-4.99(1H,m).7.29- 
7.37(2H,m),7.48(1 H,d. J = 10.1 Hz).7.55-7.66(1 H.m),7.63( 1 H.d.J = 8.6Hz).7.79(1 H. d.J = 8.6Hz),8.01 + 8.22- 
(1H,brs).8.81(1H,d.J = 5.1 Hz).8.78-8.94(1H,m).9.26 + 9,64(1 H.brs),l2.30(1H,brs) 

EXAMPLE 57 

30 

cyclo(-OTrp-DAsp-Lys(CHO)-OVal-Leu-) 

To a solution of cyclo(-DTrp-DAsp-Lys-DVal-Leu-) (10.5mg) which was prepared in Example 4, and 
formic pivalic anhydride(lOml) in DMF(0.5ml) was added TEA(iO fil). The reaction mixture was stirred at 
room temperature for ih and concentrated in vacuo. The residue was triturated with water(2m!) to give the 
35 title compound(7.8mg) as an off-white powder, 
m.p.: 260*C(dec.) 

IR(KBr,cm~'):3286.2962, 1 644.1 545. 1 392 
FAB-MS{m/e.(C33H47N 7 0 8 +H)*):670 

^-NMROOOMHz.DMSO-dd. 6 ppm):0.65(3H.d.J = 6.5Hz). 0.75(3H,d.J = 65Hz).0.8l(3H.d.J = 6.7Hz).0.£3- 
40 (3H.d.J = 6.7Hz).0.95-1. 85<lOH.m).2. 45-2.55(1 H,m).2.71(1H.dd. J = 10.3Hz.l6.4Hz),2.88- 

(1H,dd.J = 11.3Hz,14.2Hz).2.98-3.l0(2H l m),3.25-3.35(1H.m).4.04-4.18(2H.m),4.23-4.36 (2H.m),4.48-4.56- 
( 1 H.m),6.96( 1 H.t.J = 7.5Hz).7.04( 1 H.t.J = 7.5Hz).7. 11(1 H,S).7.31 ( 1 H.d.J = 7.5Hz).7.40( 1 H.d.J = 9.3 Hz).7.52- 
(1 H.d.J = 7.5Hz).7.56(1 H.d.J = 6.8Hz),7.90-8.00 (2H.m).8.59( 1 H.d.J = 5.9Hz),8.66(1 H.d.J = 7.8Hz),8.69(1 H, 

d,J=8.4Hz).10.79(1H.s) 
45 Optical Rotations: [ a I5 0 =-11.8*(c 0.71. DMSO) 

EXAMPLE 58 

cyclo(-DTrp(CHO)-DAsp-Met(0)-DVal-Leu- ) 

50 

To a solution of cyclo(-DTrp(CHO)-DAsp-Met-DVat-Leu-)(i2.9mg)which was prepared in Example 55 in 
acetic acid(2.Cml) was added 35% H:0:(5^l). The reaction mixture was stirred at room temperature for 3h 
and concentrated under reduced pressure till the volume of the mixture was reduced to ca. 1ml. The residue 
was triturated with water(3ml) to give the title compound (7.6mg) as a pale yellow powder. 
55 m.p.:>300*C 

IR(KBr.cm- ): 3448,2962. 1 668. 1 542. 1 464. 1 389. 1 34 1 . 1 233, 1 1 80, 1020.756 
FAB-M$im e,>C)2 H* 4 N 6 O3 S + H)' i:689 

"H-NMR(300MHz.OMSO-d 5 . 0 ppm»:0.58i3H.cl.J = 6 2H;». 0 62(3H o.J = 6 2Hj).0.80(3H.cU = 6.6H-).0.83- 
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(3H.d.J = 6.6Hz) 0.90-1. 03(1 H.m),1. 10-1. 28(2H.m).1 .73-2.1 5(3H. m).2.40-2.59(1H.m).2.5l(3H,s).2.60-2.8l- 
(3H,m),2.92( 1 H, dd.J = 1 1 OHz.1 5.6Hz).3.20-3.40< 1 H.m).3.95-4.04( 1 H.m). 4.1 4-4.23( 1 H,m).4.39-4.59(3H.m)- 
.7.27-7.43(3H.m),7.50-7.60(1H,m).7.61-775(2H,m),8.0l *8.22(1H,brs).8.65-8.74(1 H,m),8.77-8.97(2H,m)- 
.9.24+9.63(1H.brs).12.29(1H, brs) 

5 

EXAMPLE 59 

cyclo(-DTrp-DAsp(ONa)-Pro-DVal-Leu-) 

io To a solution of Leu-OBzl*T$OH(70g) in dichloromethane(600ml) was added successively N-methylmor- 
pholine (I9.5nr.l). Boc-DVal(39g). HOBT*H 2 0(27g) and EDCI*HCl(36g) under ice cooling. The reaction 
mixture was stirred under ice cooling for th and at room temperature for 2h, diluted with dichloromethane, 
washed successively with saturated NaHC0 3 . 107© citric acid, water and saturated NaCI. dried over MgSOi, 
and filtered. Solvents were removed under reduced pressure to give Boc-DVal-Leu-OBzl (80g) as a colorless 

15 oil. A solution of the oil(80g) in methanol(400ml) was added to a suspension of 10% Pd/C (2g) in methanol- 
(400ml). The reaction mixture was stirred at room temperature under an atmosphere of hydrogen(under 
atmospheric pressure) for I2h. The catalysts were filtered and the filtrate was concentrated under reduced 
pressure to give Boc-DVal-Leu(63g) as a colorless oil. To a solution of Boc-DVal-Leu(62g) in methanol- 
(400ml) was added water(120ml) and cesium carbonate(31g) at room temperature. The resulting mixture was 

20 concentrated in vacuo to give cesium salt, which was suspended in DMF(600ml). To the suspension was 
added bromoacetophenone(38g) at room temperature. The mixture was stirred for 1h and the resulting white 
precipitate was filtered off. The filtrate was concentrated in vacuo and the residue was dissolved in EtOAc. 
The solution was washed successively with water, 4% NaHCCh and water, dried over Na 2 SO*. and filtered. 
The filtrate was concentrated under reduced pressure to give a crude yellow powder. The powder was 

25 recrystallized from hexane/EtOAc to give Boc-OVal-Leu-OPac(65g) as colorless crystals. The crystals(li.3g) 
were dissolved in TFA(70ml) under ice cooling. The solution was stirred under ice cooling for ih and 
concentrated under reduced pressure. The residue was dissolved in dichloromethane(i20ml). To the solution 
was added successively N-methylmorpholine (7.8ml). Boc-Pro(5.95g). H08T*H 2 0(4.34g) and EDCrHCI 
(6.00g) under ice cooling. The reaction mixture was stirred under ice cooling for in and at room temperature 

30 for 2h, diluted with dichloromethane. washed successively with saturated NaHCCh, 10% citric acid, water 
and saturated NaCI, dried over MgSO*. and filtered. The filtrate was concentrated under reduced pressure to 
give Boc-Pro-DVal-Leu-OPac(1 1.2g) as a pale yellow, amorphous solid. The tripeptide(11.2g) was dissolved 
in TFA (70ml) under ice cooling. The solution was stirred under ice cooling for 30min and concentrated 
under reduced pressure. The residue was dissolved in dichloromethane. N-Methylmorpholine(7.2ml). Boc- 

35 DAsp(OBzl)(6.92g). HOBT # H 2 0(3.14g) and EDCrHCI (4.31g) was added to the dichloromethane solution 
under ice cooling and the resulting mixture was stirred under ice cooling for ih and at room temperature for 
2h. diluted v.::h dichloromethane, washed successively with saturated NaHC03. 10% citric acid, water and 
saturated NaCI. dried over MgSO*. and nitered. The filtrate was concentrated under reduced pressure to 
give Boc-DAsp(0Bzl)-Pro-DVal-Leu-OPac(l3.8g) as a yellow oil. The oil(13.8g) was dissolved in TFA(60m:) 

40 under ice cooling. The solution was stirred under ice cooling for 30min and concentrated under reduced 
pressure. The residue was dissolved in dichloromethane(IOOml). To the solution was added N- 
methylmorpholine(6.8ml), Boc-DTrp(8.86g). HOBT*H 2 0(2.95g) and EDCr HCl(3.87g) under ice cooling. The 
reaction mixtue was stirred under ice cooling for ih and at room temperature for 5 h. diluted with 
dichloromethane. washed successively with saturated NaHCOi. 10% citric acid, water and saturated NaCi. 

45 dried over MgSO*. and filtered. The filtrate was concentrated under reduced pressure to give the crude 
product which was purified by column chromatography on silica gel(Wakogel C-200) with 
chloroform/methanol(30/1) for elution to give 8oc-CTrp-DAsp(OBzl)-Pro-DVal-Leu-OPac(l6.lg) as a colorless, 
amorphous solid. To a solution of the solid (l6.ig) in 90% acetic acid(400ml) was added by portions zinc 
powder(30g) under ice cooling and the mixture was stirred under ice cooling for SOmin anc' 2! room 

so temperature for 30min. The supernatant of the reaction mixture was separated from zinc dust by decantation 
and concentrated under reduced pressure. The residue was partitioned between 10% citric acid and EtOAc 
and the aqueous phase was extracted with EtOAc. The combined organic layers were dried over Na:SO*. 
filtered, and concentrated under reduced pressure to give a residual oil. which was triturated with petroleum 
ether. The resulting amorphous solid was dried in vacuo and dissolved in formic acid(200ml) at room 

55 temperature. The reaction mixture was stirred at room temperture for 1.5h and concentrated under reduced 
pressure. The residue was partitioned between water and chloroform. The aqueous phase was extracted with 
chloioform. The combined chloroform layers were dried cvor MgSO*. filtered, and concentrated under 
reduced pressure. The residue was crystailced from etner to give OTrp-DAsp(OBj;)-Pro-D\/ai-Leuti3 6g) as 
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a pale yellow powder. A solution of the pentapeptide(l3.3g) in OMF (400ml) was added dropwise over a 
,-eriod of 7h to a solution of HOBT*H 2 0(4.13g) and EDCl # HCI(5.17g) in DMF (800ml) at room temperature. 
The reaction mixture was stirred at room temperature for 10-Sh, and concentrated in vacuo. The residue was 
purified by column chromatography on silica gel(Wakogel C-300) with dichloromethane/methanol(50/l — 30/1) 

5 for elution to give cycto(-DTrp-OAsp(OBzl)-Pro-DVal-Leu-)(7.20g) as a pale yellow powder. A solution of the 
powder(5.ft9g) in methanol(20ml) was added to a suspension of 10% Pd/C (l:2g) in methanolf 100ml). The 
reaction mixture was stirred at room temperature under an atmosphere of hydrogen(under atmospheric 
pressure) for 20h. The catalysts were filtered off and the filtrate was concentrated under reduced pressure. 
The residual powder was purified by reverse-phase column chromatography(NACALAITESQUE, Cosmosil 75 

jo Cia-OPN) with methanol/water(l/l — 2/1) for elution to give cyclo (-DTrp-DAsp-Pro-Val-Leu-)(4.30g) as a 
colorless powder. To a solution of the powder(S.Olg) in methanol(IOml) was added dropwise an aqueous 
solution of NaHC03.(689mg) at room temperature. The reaction mixture was concentrated under reduced 
pressure. The residue was recrystallized from methanol to give the title compound (4.4g) as colorless 
crystals. 

/5 m.p.: >300*C 

I R(KBr ,cm " 1 ): 34 1 8.3064,2968, 1 659. 1 581 . 1 542. 1 458. 1 398. 1341.1 233.744 

1 H-NMR(300MHz.DMSO-d6 . * ppm):0.61 (3H,d J - 6.6H2). 0.72(3H,d,J = 6.4Hz),0.8l(3H l d.J = 7.6Hz).0.84- 

<3H.d,J = 7.3Hz),0.90-1. 07(1 H t m),1. 08-1. 30(2H.m),1.46-2.08(5H. m).2.18-2.31(1H,m).2.34-2.52(1H,m),2.61- 

(1H.dd.J = l1.0 Hz,14.5Hz).2.87(1H.dd,J = 11.9H2.14.5Hz),3.08-3.25(1H. m).3.49-3.6t(1H,m).4.00-4.l6(2H.m>- 
20 .4.16-4.29(1 H,m), 4.66(1 H.d-like.J = 7.3Hz).4.82-4.95(1H,m).6.94(1H.t, J = 7.4Hz).7.03(1H,t,J = 7.4Hz).7.11- 

(IH.d.J = 2.3Hz),7.27 ( 1 H.d.J = 7.4Hz),7.30< 1 Kd.J = 7.4Hz),7.52< 1 H.d.J = 7.8Hz). 7.94( 1 H.d.J = 9.5Hz).8.65- 

(tH.d.J = 6.1Hz).8.77(1H,dd.J = 1 .3Hz,8.0Hz),1 0.79(1 H,d. J = 2.3Hz) 

Optical Rotations: { q lo° = + 78.2*(c 1.0, H 2 0) 

According to the same procedure described in Example 4, each title compound described in the 
25 following Examples 60-67 was prepared from the corresponding Fmoc amino acids in which sidechain 

functional groups were protected with the appropriate protective groups, if necessary. 

EXAMPLE 60 

30 cyclo(-DTrp-DAsp-Pro-OPen-Leu-) 
m.p.: 185-190 C 

IR(KBr ,cm ' 1 ): 34 1 2,2926, 1 662, 1 536. 1 443, 1 239 
FAB-MS(m/e.(C 3 i H4 2 N 6 0;S + H)*):643 

■H-NMRpOOMHz.DMSO-d*. 5 ppm):0.6 i (3H,d.J = 6.2Hz), 0.73(3H,d.J = 6.2Hz),0.80-0.90(1 H,m),1 .00-1 .20- 
35 (2H.m), 1 .23(3H,s).1 27(3H.s).1 .60-1 .85(2H.m),2.20-2.45(3H,rr ), 2.77(1 H.dd.J = 6.4Hz.16.5Hz),2.89- 
( 1 H.cd.J = 1 2.0Hz. 1 4.8 Hz),3. 1 0-3.45(3H.m).4.01 (1 H.q.J = 5.6H*),4.20-4.30(1 H, m),4.49(1 H.d.J = 1 0. 1 Hz).4.80- 
( 1 H.d.J = 7.0Hz),4.95-5.05 (1 H,m),6.96(1 H.t.J = 7.5Hz),7.05(1 H,t,J = 7. 5Hz), 7.14(1 H, s).7.32(1 H.d.J = 7.5Hz)- 
,752( 1 H.d.J = 7.5Hz),7.60( 1 H.d. J = 9.0Hz),7.90( 1 H.d.J = 10.1 Hz).8.83( 1 H.d.J = 7.9Hz),8.88 ( 1 H.d.J = 5.5Hz)- 
.10.81(1H.S) 

EXAMPLE 61 

cyclo(-DTrp-DAsp-Aib-DVal-Leu-) 
m.p.. 169-175 C 

~5 IRiKBr.cm-'): 3394.3058.2962,1659.1533.1464,1395.1374. 1233.1185 
High Resolution FAB-MSOTve.fCscHoNeO; +H)*): 

Calcd : 599.3193 
Found : 599.3179 

50 ' H-NMRi*300MHz.DMSO-d6 . & ppm):0.65(3H,d.J = 6.3Hz). 0.76<3H.d,J = 6.3Hz).0.82(3H.d,J = 6.3Hz).0.84- 
(3H.J.J = 6.3Hz).0.95- 1 09( 1 H.m). 1 .07- 1 . 1 5(2H.m). 1 ,23(3H,s). 1 57(3H.s).1 .68- 1 .84(1 H.m).2.44-2.57( 1 H.m)- 
.2.76(1 H.dd. J = 9. 7Hz.l5.7Hz).2.86(1H.dd.J = 11.6Hz, 14. 4H^).3. 15-3.60 (1 H.m),4.04-4.l6(1 H,m).4.l8- 
(1 H.dd.J = 6.8Hz.8.4Hz).4 25-4.3S(1H.m).4.54-4.57(1H.m),6.96(1H.t.J = 7.5Hz),7.04(1H. t.J = 7.5Hz).7.1 3- 

{ 1 H.d.J = 2.0Hz).7.3 1 ( 1 H.d.J = 7.5Hz).7.44 (1 H.d.J = 7.6Hz).7.5 1 ( l H.d.J = 7.5Hj).7.99( 1 H.d.J • 8.4Hz), 8 45- 

55 MH.brs)8 72(1H,d.J = 6 4Hz).8 80{1H.a.J = 9.1Hz). 1 0.78( 1 H.b: s) 

EXAMPLE fi? 
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cyclo(-DTrp-DAsp-Pro-Aib-Leu-) 
•m.p.: 187-193 C - 
IR(KBr,cm~ ! ): 3442, 1 674, 1 533, 1 46 1 . 1 203. 1 1 85 
High Resolution FAB-MS(m/e.(C 3 oH*cN 6 07 + H)*): 

5 

Calcd : 597.3036 
Found : 597.3060 

1 H-NMR(300MHz.DMSO-d& . 5 ppm):0.65(3H.d. J = 6.3Hz). 0.73(3H,d.J = 6.3Hz), 1 .24(3H.s). 1 .20- 1 .36(2H.m)- 
,1.54(3H. s).1.74-2.l2(5H,m).2.27(1H,dd.J = 4.2H2,l6.3Hz).2.42 -2.58(1 H,m),2.70(1 H.dd.J = 4.5Hz.15.4Hz),2.93- 
w (IH.dd. J = l0.1Hz.15.4Hz),3.15-3.43(2H,m),4.02-4.l3(1H^ 

(1 H,m),6.96(1 H,t. J = 7.6Hz),7.05( 1 H.t.J = 7.6Hz),7. 1 4(1 H.d.J = 2.3Hz),7.32 ( 1 H.d.J = 7.6Hz),7.8l - 

( 1 H.d.J = 7.6Hz),7-60( 1 H,d J = 6.6Hz), 8.02( 1 H.dJ = 8.8Hz).8.25( 1 H.dJ = 8.0Hz).9.05( 1 H,s), 1 0.84 ( 1 H.brs) 

EXAMPLE 63 

15 

cycto(-DTrp-DAsp-Pro-AcsC-Leu-) 
m.p.: 175 C(dec.) 

IRfKBr.cm- 1 ): 3448.2951.2926,1644,1536.1458.1386.1102, 741 
High Resolution FAB-MS(m/e.(C 3 :H*2N 6 07 + H)*): 

20 

Gated : 623.3193 
Found: 623.3179 

1 H-NMR(300MHz.DMSO*d6 . S ppm):0.63(3H,d.J = 6.3Hz), 0.71(3H.d.J = 6.4Hz),0.76-1 .l0(3H.m),1.l8-1 .34- 
(2H.m). 1 .40-2.20(1 0H.m),2.29(1 H.dd.J = 4.1 Hz.15.9Hz),2.71( 1 H, dd.J = : 1 .0Hz. 1 5.9Hz),2.92- 

25 (1 H.dd.J = 9.9Hz,14.3Hz),3.2l (1 H.dd.J = 4.0Hz. 14.3Hz).3.26-3.70(2H,m).4.00-4.20(1H. m),4.24- 

(1 H.ddd.J = 4.1 Hz.6.7Hz,1 1 .0Hz).4.52(1 H.d-like. J = 7.3Hz),4.87(1H.dt.J = 4.0Hz,9.9Hz),6.96(1 H.t.J = 7.5Hz). 
7.05(1 H.t.J = 7.5Hz),7.1 3(1 H.d.J = 1 .7Hz).7.32(1 H.d.J = 7.5Hz).7.5l(1 H.d.J = 7.5Hz),7.53(1H,s), 7. 79(1 H.d.J = 6.7 
Hz).7.83(1H,d,J =9.9Hz).8.32(1 H.d.J = 7.8Hz).l0 83(1H,d, J = 1 .7Hz)j2. 30(1 H.brs) 

30 EXAMPLE 64 

cyclo(-DTrp-DAsp-Pro-Ac6C-Leu-) 
m.p.: 188.5 C(dea) 

IRfKBr.cm" 1 ): 3418.2938.1677.1533.1458.1284.1236.1 182, 743 
35 High Resolution FAB-MS(m/e.(C 3 3H4«N 6 07 + H)*): 

Calcd : 637.3350 
Found : 637.3381 

'H-NMROOOMHz.DMSO-ds. 5 ppm):0.6l(3H,d.J = 6.4Hz). 0.64-1. 02(3H.m).0.71(3H.d.J = 6.7Hz) ( 1 .12-2.24- 
40 (14H.m). 2.29(1H.dd.J = 3.9Hz.l6.1Hz) l 2.73(1H.dd.J=l0.2Hz.16.1 Hz).2.90(1 H.dd.J = 10.5Hz, 14.4Hz),3.28- 
(1H.ddJ = 5.8Hz. 14.4Hz),3.40-3.70(2H ( m).3.93-4.06(1H.m),4.22(1H.ddd. J = 3.9Hz.7.8Hz.10.2Hz).4.61- 
(1 H.dd.J = 1.7Hz.6.2Hz).4.88 (IH.dt.J = 5.8Hz. 10. 5Hz).6.95(1 H.t.J = 7. 3Hz). 7.04(1 H,t. J = 7.3Hz),7.l3- 
(1 H.d.J = 1 .6Hz).7.22( 1 H,s),7.31 (1 H.d.J = 7. 3Hz). 7. 50(1 H.d.J = 7.3Hz),7.68(1 H.d.J = 5.8Hz).7.85(1 H. 

d.J = 8.7Hz).8.43(1 H.d.J = 7.8Hz).10.81(1 H.d.J = 1 6Hz). 12.28(1 H.brs) 
J5 Optical Rotations: [ q ]§' = +59.4" (c 0.19. DMSO) 

EXAMPLE 65 

cyclo(-DTrp-DAsp-Sar-DVal-Leu-) 
so m.p.: 175-179 C 

IR(KBr.cm- ! ): 3418.3064.2962.1659.1 536.1464. 1422.1 236. 1176 
High Resolution FAB-MS(m.e.(C:3Hi;N & 0? +H)*): 

Calcd : 585.3037 
55 Found : 585.3006 

' H-NMR(300MHj:,DMSO-di . 5 ppm):0.6l (3H.dJ = 6.8Hz). 0.73(3H.d.J = 6.3Hz).0.826(3H.d.J = 6.5Hz),0.833- 
(3H.d. J = 6.5Hz>.0.95- 1 .06( 1 H.m). 1 .09-1 .29(2H.m>. 1 62- 1 .76( 1 H, m).2.3 1 ( 1 H.dd.J = 3.5Hz. 16. 1 Hz).2.75(3H,5)- 
.2.77<1H.dd. J= 10 7Hz.l6.1Hz),2.90(1H.dd.J= 1 1 .6H2.1 4. 5Hz>. 2.96(1 H. d.J= 1 3.5Hz).3.22- 
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(lH.dd.J = 3.0Hz.14.5Hz),3.93-4.03(1H, m),4.1 4(1 H.dd.J • 7.3Hz.l0.1 Hz).4.27(1 H.ddd.J = 3.0Hz, 8.1Hz,1 1.eHzJ- 
^jgnH.d.J = 13.5Hz).5.03-5.14(1H,m).- 6.88(1 H.d.J = 10.1 Hz),6.95(1H,t,J = 7.7Hz),7.04(1H.t,J = 7.7Hz),7.14- 
(1H,d.J = 1.9Hz).7.31<1H,d,J = 7.7Hz).7.51(1H ( d,J = 7.7Hz).7.69(1H,d,J = 8.7Hz),8.76-8.83(2H,m). 10.81 

(1 H.d.J = 1.9Hz).1 2.30(1 H.brs) 
5 Optical Rotations: [ a ]$° = +36.3* (c 0.41. MeOH) 

EXAMPLE 66 

cyclo(-PTrp-DAsp- £ -Ala-DVal-Leu-) 
w m.p.: 248 C(dec.) 

I^KBr.cm- 1 ): 0316.2962,1662,1536,1443.1344.1257,1188. 744 
High Resolution FAB-MS(m/e.(C29H* 0 N6 07 + H)*): 

Calcd : 585.3037 

is Found : 585.3051 

: H-NMR(300MHz,DMSO-d 6 . 5 ppm):0.61 (3H,d.J = 6. 1 Hz), 0.72(3H.d.J = 6.2Hz),0.81 (3H.d.J = 6.6Hz).0.88- 
(3H,d.J = 6.6Hz),1. 03-1. 18(2H,m) J. 18-1. 35(1 H.m), 1.73-1. 90(1 H, m), 1.86- 1.96(1 H,m),2.32-2.63(2H,m),2.63- 
2.98(3H,m), 3.1 1-3.44(1 H,m).3.50-3.63(1H.m),3.90-4.03(2H,m),4. 13 <1H.ddd,J = 3.1Hz,7.0Hz.11.4Hz),4.61- 
( 1 H.dt.J = 3.4Hz,9.2 Hz) ( 6.63(1 H.ddJ = 4.8Hz,7.7Hz),6.96(1 H,U = 7.6Hz),7.04 (1 H.t.J = 7.6Hz),7.1 7- 

20 (1 H.d.J = 1 6Hz),732(1 H.d.J = 7.6Hz). 7.50(1 H.d.J = 7.6Hz),7.72(1 H.d.J = 8.4Hz),7.88(1 H,dJ = 9.2Hz),8.60- 
(1 H.d.J = 4.0Hz),8.8l (1 H.d.J = 7.0Hz).10.81 (1 H. d,J = 1 6Hz).12.33(1 H.brs) 
Optical Rotations: [ q ]|° =-2.2*(c 0.79. MeOH) 

EXAMPLE 67 

25 

cyclo( -DTrp-DAsp-Pro-DThg-Leu-) 
rrTpT251 C(dec.) 
. IR(KBr,cm-'): 3418.2962.1668,1530.1446.1395,1344,1236, 744,705 
High Resolution FAB-MS(m/e.(C 32 H3oN 6 07S + H)*): 

30 

Calcd: 651.2601 
Found: 651.2617 

" H-NMR(300MHz.DMSO-d& . 5 ppm):0.58(3H,d.J = 6.3Hz). 0.70(3H.d,J = 6.4Hz).0.80-0.98( 1 H,m).1 . 11 - 1 .33- 
(2H,m), 1.55-2.02(2H ( m).2.12-2.53(3H.m),2.60-3.72(5H,m),3.93-4.05(1H l m).4.23-4.35(1H.m) 
35 like.J = 6.0Hz), 4.88-5.03(1 H,m),5.80(1 H,d,J = 9.4Hz),6.89-7.01 (3H,m), 7.03(1 H.t.J = 7.5Hz).7.1 2(1 H,brs).7.30- 
M H.d.J = 7.5Hz). 7.45( 1 H.dd.J = 1 .3Hz.5.3Hz).7.45-7.62(1 H,m),7.51 (1 H.d, J = 7.5Hz).8.25(1 H.d.J = 9.4Hz),8.81 - 
(1 H.d.J = 8.1 Hz),9.07 (1 H.d.J = 5.3Hz),1 0.79(1 H.brs) 
Optical Rotations: [ a ]|° = +60.8* (c 0.41. MeOH) 

jo EXAMPLE 68 

cyclo(-DTrp-DAsp-Thz-DVal-Leu-) 

Thz-DVal-Leu-resin which was prepared from Fmoc-Leu-resin tn the same manner described in Exampie 
-*5 4. was unpacked from a reaction column and allowed to react with 2.5 equivalents of the symmetrical acid 
anhydride of Fmoc-DAsp(0'Bu)(prepared previously from Fmoc-DAsp(O'Bu) and DCC) and DMAP(lOmg) in 
DMF at room temperature for 3h with occasional shaking. After removal of excess reagents, the resin was 
washed successively with DMF, tert-amyl alcohol, acetic acid. tert-amyl alcohol and DMF, and repacked in a 
reaction column. The further solid-phase peptide synthesis was performed by the standard protocol 
50 described in Example 4. The resulting DTrp-DAsp(0'Bu)-Thz-DVal-Leu-resin was treated in the same 
manner described in Example 4 to give the title compound, 
m p.: 205-208* C 

iR(KBr.cm- ): 3328.2962.2932, 1665.1536.1461 .1437.1284. 1248.744 
High Resolution FAB-MS(m e.(C3cH*oN&0;S + H)"): 
55 Calcd : 629.2757 
Found : 629.2749 

H-NMR(300MHz.DMSO-di. & ppm):0.6l(3H.d.J = 6.3Hz). 0.73<3H,d.J = 6.4Hz|,0.83(3H.d,J = 6.9Hz).0.87- 
:3H,d.J= 6.9Hj).0 95-1 33(3H.m).1 60-1 73( \ H.m) ? 30(1 H t dd. J = 4 2Hz.15.8Hz).2.77- 
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( 1 H.ddJ = 9.8Hz. 1 5.8Hz).2.90< I H.dd. J = 1 1 .2Hz. 1 4.8Hz).2.96(1 H.dd.J = 7.8Hz. 1 0.8Hz).3.43< 1 H, 

dd. ' = 3. 1 Hz, 1 4.8Hz),3.44( 1 H.dd. J = 2. 1 Hz, 1 0.8Hz).3.90{ 1 H, d.J = 9.8Hz).3.93-4.04(1 H,m),4. 1 4- 

(1 H.dd. J = 8.9Hz,9.8Hz). 4.25< 1 H.ddd.J = 3. 1 Hz.8.3Hz. 1 1 .2Hz).4.35( 1 H.d.J = 9.8H2), 5.10- 

( 1 H.dt.J = 4.2Hz,9.8Hz).5.37( t H.dd.J = 2. 1 Hz,7.8Hz). 6.95(1 H.t.J = 7.7Hz).7.01 ( 1 H.d.J = 9.8Hz),7.04( 1 H.t.J = 7.7 
5 Hz),7. 1 4(1 H.d.J = 1 .8Hz). 7.31(1 H.d J = 7.7Hz),7.51 (1 H,d. J = 7.7Hz).7.83<1 H.d.J = 9.8Hz).8.80(1 H.d.J = 8.3Hz)- 
,8.81 (1H,d,J = 4.7Hz),l0.8t(1H.d.J = 1.8Hz) 
Optica! Rotations: [ a jg° = + 35.2*(c 0.35. MeOH) 

EXAMPLE 69 

10 

cyclo(-DTrp-DAsp-Pro-DVal-MeLeu-) 

Fmoc-MeLeu-'esin prepared in the same manner described in Example 4, was allowed to react with the 
symmetrical acid anhydride(2.5 equivalents) of Fmoc-DVal (which was previously prepared from Fmoc-DVal 
/ s and OCC) and DMAP(lOmg) at room temperature for 3h with occasional shaking of the reaction vessel. The 
subsequent treatments were performed as described in Example 68 to give the title compound, 
m.p.: 208*C(dec.) 

IRfKBr.cm" 1 ): 3418.2962.1680,1647.1533.1461.1236.1203, 1179 
High Resolution FAB-MS(m/e.(C 3 2H4 4N 6 07 +H) # ): 
20 Calcd : 625.3350 
Found : 625.3386 

1 H-NMR(300MHz.DMSO-d 6 . 5 ppm):0.65(3H,d,J = 6.7Hz). 0.76(3H,d.J = 6.3Hz),0.83(3H,d, J = 6.6Hz),0.88- 
(3H,d.J = 6.9Hz).0.87-1 .01(1 H,m), 1.10-1 .26(1 H,m). 1.28-1. 42(1 H, m).1 .58-1.96(4H,m),2.l6-2.28(1H,m) t 2.38- 
(1 H.dd.J = 4.1 Hz. 16.2Hz).2.82(1H,dd,J = 9.5Hz.16.2Hz).2.89(1 H.dd.J = 11.0 Hz,14.8Hz).2.91(3H,s),3.20- 
25 (1 H.dd.J = 3.3Hz. 1 4.8Hz),3.26-3.68(2H.m).4.33(1 H.ddd.J = 3.3Hz.8.7Hz. 1 1 .0Hz),4.45-4.55(2H,m),4.74<1 H.d- 
like.J = 6.6Hz),4.87( 1 H.dt.J = 4. 1 Hz. 9.5Hz).6.95( 1 H.t.J = 7.7Hz),7.04( 1 H.t.J = 7.7Hz),7. 1 2( 1 H. d.J = 1 .9Hz),7.3l - 
( 1 H.d.J = 7.7Hz).7.53(l H.d.J = 7.7Hz),7,60 (I H.d.J = 9.8Hz).7.66(1 H.d.J = 9.5Hz),8.45(1 H.d.J = 8.7Hz). 10.81 - 
(1H,d.J = 1.9Hz),l2.29(1H,brs) 
Optical Rotations: [ a ]6° = + 39.7*(c 0.25. MeOH) 

30 

EXAMPLE 70 

cyclo(-DTrp-DAsp-MeMet-DVal-Leu-) 

35 MeMet-DVal-Leu-resin prepared in the same manner described in Example 4. was allowed to react with 
the symmetrical acid anhydride of Fmoc-DAsp(0'Bu)(previously prepared in the same manner described in 
Example 68). The subsequent treatments were performed as described in Example 68 to give the title 
compound, 
m.p.: 152-161 " C 

40 IRfKBr.cm" 1 ): 3412,2962.1659.1 533.1 462.1 395.1285.1 237. 1202,1180.743 
High Resolution FAB-MS(m e.(C 3 :H^N s 07S + H))\ 
Calcd : 659.3226 
Found : 659.3205 

' H-NMR(300MHz.DMSO-d 6 . 5 ppm):0.6 1 (3H.d.J = 6. 7Hz). 0.72(3H.d. J = 6.7Hz).0.8l (3H,d,J = 6.9Hz},083- 
(3H.d.J = 6.9Hz),0.95-1 33(3H,m),1 .66- 1 .87(2H.m), 1 .90-2.03(1 H. m),2.02(3H.s).2.23*2.40(3H.m).2.49(3H.s)- 
.2.78(1 H.dd. J= l0.4Hz.l6.0Hz).2.90(1 H.dd.J = 10.9HZ.1 4.8Hz).3.25-3.38(1 H.m).3.96-4.05(1H.m),4.l9- 

(1 H.dd.J = 6.5Hz. 10.3Hz). 4.21-4.32(1 H,m),5.00(l H.ddd.J = 3.9Hz,8.9Hz.10.4Hz), 5.13(1 H.t.J = 7.5Hz).6.73- 
(1 H.d.J = 10. 3Hz). 6.96(1 H.t.J = 7.3Hz),7.04(1 H.t.J = 7 3Hz) 7. 14(1 H.d.J = 2.2Hz),7.3l(1H. d.J = 7.3Hz).7.51 - 
(1 H.d.J = 7.3Hz).7.68(1 H.d.J = 8.9Hz).8.75-8.84(2H.m). 10.81(1 H.d.J = 2.2Hz). 12.30(1 H.brs) 
so According to the same procedure described in Example 6. each title compound described in the 
following Examples 71-74 was prepared from the corresponding Fmoc amino acids in which sidechain 
functional groups were protected with the appropriate protective groups, if necessary. 

EXAMPLE 71 

55 

cyclo(-DTrp-OAsp-Pro-DferrLeu-Leu-) 
m p.: 188-191 " C ~~~ 

in* KSr.cm -') 33 J 6.3054.2962. 1 656. 1 446, ! 236. i ! 82. 744 
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High Resolution FAB-MS(nVe.(C 3 2H*4N 6 0; +H)*): 

Calcd : 625.3350 
Found : 625.3370 

1 H-NMR(300MHz,DMSO-d& . 6 ppm):0.61(3H.d.J = 6.5Hz). 0.72(3H.d.J = 6.5Hz).0.87(9H t s).0.98-1.24(3H i m)- 
. 1 .60- 1 .74<2H.m), 1 .9 1 - 1 94( 1 H,m),2.24r2.29( 1 H,m),2.33( 1 H.dd. J = 3.6Hz. 1 6.5Hz),2.7 1 -2.92(2H,m),3.26-3.37* 
(2H,m),3.45-3.60(1H.m).3.95-4.02(m^ 

(1 H.dt.J = 4.2Hz, 9.3Hz),6.95<1 H,U = 7.5Hz),7.04(1 H.t.J = 7.5Hz),7.1 3(1 H. d,J = 2.1 Hz).7.31 (1 H.d.J = 7.5Hz)- 
.7-51 (1 H.d.J = 7.5Hz).7.64 < 1 H.d.J = 1 0.5Hz).7.71 ( 1 H.d.J = 9.3Hz).8.76( 1 H,d,J = 4.8Hz), 8.81 (1 H.d.J = 7.8Hz)- 
,10.79(1H ( brs).12.28(1H.brs) 

EXAMPLE 72 

cyclo(-DTrp-DAsp-Sar-DThg-Leu-) 
m.p.: 171-178 C 

IRfKBr.cm" 1 ): 331 0.3064.2962. 1 665. 1 533. 1 428. 1 236. 1 1 73. 
744 

High Resolution FAB-MS(m/e,(C3oH 36 N 6 07S + H)*): 

Calcd : 625.2444 
Found : 625.2456 

' H-NMR(300MHz.DMSO-d 6 . 5 ppm):0.60(3H,d.J = 6.3Hz). 0.70<3H,d.J = 6.3Hz).0.83-0.93(1 H,m).1 . 1 7-1 .27- 
(2H.m). 2.34(1 H.dd.J = 3.9Hz.16.2Hz),2.74-2.80(1H,m).2.80(3H.s). 2.84-2.91 (1H.m),3.04(1 H.d.J = 13.7Hz),3.30- 
3.40(1 H.m). 3.99( 1 H.ddJ = 5.4Hz, 11.1 Hz).4.27-4.33( 1 H,m),4.82( 1 H.d. J = 1 3.7Hz>,5. 1 1 (1 H.dt, J = 4. 1 Hz.9.4Hz)- 
.5.80(1 H.d,J = 10.5 Hz),6.93-7.00(3H.m), 7.04(1 H.t.J = 7.5Hz).7.1 4(1 H.d.J = 2.1 Hz).7.3l(1 H.d.J = 7.5Hz),7.43- 
(1 H.d.J = 10.5Hz).7.47 (1 H.d.J = 6.3Hz).7.51 (1 H.d.J = 7.5Hz).7.74(1 H.d.J = 9.4Hz). 8.80(1 H.d.J = 8.1 Hz),9. 1 3- 
(1 H.d.J = 5.4Hz),l0.83(1 H.brs). 1 2.30(1 H.brs) 

EXAMPLE 73 

cyclo(-DTrp-DAsp-CpGly-DThg-Leu-) 
m.p.: 186-191 C 

IR(KBr,cm- , ):33l0.2962.l662,1 530,741 

High Resolution FAB-MSim/e,(C 3 4H* 2 N 6 07S + H)*): 

Calcd : 679.2914 
Found : 679.2964 

! H-NMR(300MHz,DMSO-d 6 . 5 ppm):0.59(3H.d.J = 6.6Hz), 0.71 (3H.d.J = 6.6Hz),0.83-0.95(1 H,m).1 .14-1 .78- 
( 1 0H.m), 2.39( 1 H.dd.J = 4.5Hz. 1 6.8Hz).2.83-2.94(2H.m) t 3. 1 9( 1 H,d. J = 1 1 ,5Hz).3.20-3.41 (1 H.m).3.92~* .03- 
(2H,m),4.35(1 H.ddd, J = 2.7Hz.8.3Hz.12.0Hz).4.58(1 H.d.J = 1 1 .5Hz).5.25(1 H.dt, J = 4.2Hz,9.6Hz),5.76- 
(1 H.d.J = 9.8Hz),6.93-699(3H,m), 7.04(1 H.t.J = 7.4Hz). 7.1 3(1 H.d.J = 2.1 Hz). 7. 31(1 H.d.J = 7.4Hz).7.45- 
( 1 H.dd.J = 1 .2Hz.4.8Hz). 7. 52(1 H.d.J = 7.4Hz). 7.70(1 H.d.J = 9.6Hz).7.98( 1 H.d.J = 9.8Hz).8.89( 1 H.d.J = 8.3Hz>- 
.9.20(1H,d.J=6.3Hz),l0.80(1H,d,J = 2.1Hz) 

EXAMPLE 74 

cyclo(-OTrp-DAsp-Pro-DDpg-Leu-) 
m.p. : 258.5-261 C 

IR(KBr.cm-'): 3310,3058.2962.1659.1533. 1446. 1344. 1236. 1185.744 
High Resolution FAB-MS(m e,(CjtH*rN 5 07 + H)* ): 

Calcd : 647.3193 
Found : 647.3165 

' H-NMR(300MHz.DMSOd 6 . 5 ppm):0.58(3H.d. J = 6.3Hz). 0.71 (3H.d.J = 6.7Hz),0.78-0.99< 1 H.m). 1.11-1 .29- 
(2H.m). 1.52-1. 70(1 H.m). 1.70-1. 87(1 H.m),1. 87-2.03(1 H.m).2.2l -2.33(1 H.m).2. 35(1 H.dd.J = 4.0Hz, 16.2Hz).2.35- 
2.96(4H,m), 2.79(1H.dd.J = l0.5Hz.l6.2Hz).2.89(1 H.dd.J = 1 1 .8Hz.14.7 Hz).3.03-3.62(2H.m),3.26- 

( 1 H.dd.J = 3.0Hz, 1 4.7Hz),3.97 ( 1 H.dt.J = 5.5Hz,8.6H z).4.29( I H.ddd. J = 3.0Hz.8.2Hz. 1 1 .8 Hz).4.79{ 1 H.d- 
I:kc.J = 6.8Hz).4.'9l -5.03(1 H.:-i.4.95 ( ! H.d. J = 1 0 4H;».5 58-5 72(3H,m).6.95(1 H.t.J = 7.6Hz). 7.04(1 H. 
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t J = 7.6Hz),7.1 3(1 H.d.J = 1.8Hz).7.31(1 H.d.J =7.6Hz).7.50 (IH.d.J = 7.6Hz).7 65-7.73(1 H.m).7 69- 

( - H.d.J = 1 0.4Hz). 8.76( 1 H.d.J = 8.2Hz).8.88< 1 H.d.J = 5.5Hz). 10.79( 1 H.d.J = 1 .8Hz), 1 2.07( 1 H.brs) 

EXAMPLE 75 

5 • 

cycio(-DTrp(CHO)-DCys(0 3 Na)-Pro-DTh9-Leu-) 

DCys<03BinN)*Pro-DThg-Leu-resin prepared in the same manner describea in Example 5, was acylated 
with Boc-DTrp(CHO) by the standard protocol described in Example 5. The resulting resin was washed 

w successively with OMF, methanol, and dichloromethane and dried in vacuo to give Boc-DTrp(CHO)-DCys- 
(0 3 Bu»N)-Pro-DThg-Leu-resin. The resin was added to TFA/water(95/5. 20ml) and the mixture was stirred at 
room temperature for 1.5h and filtered. The collected resin was washed with TFA and the combined filtrate 
and washings were concentrated under reduced pressure. The residue was precipitated with ether to give 
DTrp(CHO)-DCys{03Bu*N)-Pro-DThg-Leu. A solution of the pentapeptide(28mg) in DMF(i.4ml) was added 

;s dropwise to a solution of DCC(9mg), HOBT*H 2 0(7mg) and N-methylmorpholine(1.6Ml) in DMF(1.4ml) under 
ice cooling over a period cf 1h. The reaction mixture was stirred under ice cooling for In and at room 
temperature for I7h. Acetic acid(10/il) was added to the reaction mixture. The resulting mixture was stirred 
and concentrated under reduced pressure. The residue was triturated with water to give colorless 
dicyclohe.tyl urea which was collected by filtration and thoroughly washed with water. The combined filtrate 

20 and washings were lyophilized to give a colorless solid which was purified by thin layer chromatography on 
silica gel (Analtichem International, Empore sheet) with butanol/acetic acid/water(8/l/1) for development to 
give an ammonium salt of the title compound. A water solution of the ammonium salt was passed through a 
column of ion exchange resin(Amberlite IR-120B, H*-form) and lyophilized. The resulting solid(12.93mg) was 
dissolved in wat6f\0.Srr.J} and the oquirr.clar amount cf N3HCO3 was added. The solution was directly 

25 purified by reverse-phase short column chromatography(Waters. SEP-PAK C: 3 cartridge) with water and 
methanol for elution. The combined methanolic layers were concentrated under reduced pressure to give the 
title compound(l0.74mg) as a colorless powder, 
m.p.: 179-180* C 

IR(KBr.cm- 1 ): 3472. 1 668. 1 533. 1 464, 1197.1 044 

30 FAB-MS(m/e.(C3 2 H 3 7N6Na09S2 + H)*):737 

'H-NMRtfOOMHz.DMSO-ds, 5 ppm):0.50-0.67(6H,m), 0.73-0.97(1 H.m),1 .04-1 .19(1 H.m).1 .31-1. 43(1 H.m),1 . 56- 
1. 72(1 H.m),1. 74-1. 98(2H.m).2.l9-2.30(1H.m).2.64(1H,dd. J = 2.9Hz. 12. 4Hz).3.00(1 H.dd.J = 1 1.5Hz. i4.5Hz)- 
.3.12-3.59 (3H ( m).3.66-3.78(1H.m).4.02-4.17(1H ( m),4.37-4.52(1H. m),4.66(1H,d-like,J = 6.4Hz),4.95-5.04- 
(1 H.m).5.71 (1 H.d. J = 8.4Hz).6.92-7.02(2H,m),7.1 7-7.38(3H.m).7.42(1 H.dd, J = 2.2Hz,4.2Hz).7.56-7.69(2H,m)- 

35 .7.92-8.07 + 8. 13-8.26(1H. brs x 2).8.70-8.92(1 H.m).8.74(1 H.d.J = 8.4Hz).8.97(1 H.d. J = 7.4Hz),9.18- 
9.21 + 9.56-9.68(1 H.brs x 2) 

EXAMPLE 76 

40 cyclo(-DTrp-DCys(0 3 Na)-Pro-DThg-Leu-) 

cyclo(-DTrp(CHO)-DCys(03Na)-Pro-OThg-Leu-) prepared in Example 75(2.9mg) was dissolved in water- 
(0.5ml). To this solution was added 1N NaOH(4 P l) under ice cooling and the mixture was stirred at room 
temperature for 3h. The reaction mixture was directly purified by reverse-phase short column 
cnromatography(Waters, SEP-PAK Ci 8 cartridge) with water, water methanol! 1 0/1 ) and methanol for elution. 
The combined methanolic eluents were concentrated in vacuo to give the title compound(2.lmg). 
m.p.: 258-261.5" C 

High Resolution FAB-MS(rrv'e.(C3 1 H 3 ;N 5 Na0 3 S2 + H)*): 
Calcd : 709.2090 

50 Found : 709.21 15 

H-NMR{300MHz.DMSO-ds. 5 ppm):0.54(3H.d.J = 6.6Hz). 0.69(3H.d.J = 6.7Hz),0.74-0.98(1 H.m), 1 .10-1 .37- 
(2H.m). 1. 39-1. 7l(2H.m),1. 73-1. 95(1 H,m).2.20-2. 30(1 H,m).2.61 (1 H.dd.J = 2. 7Hz.l2.5Hz).2.94- 

(1 H.dd.J = 11. 7Hz.1 4.4Hz). 3.16(1 H.dd.J = l0.6Hz.l2.5Hz).3.20(1 H.dd.J = 2.9Hz. 14.4 Hz).3.2l -3.42(1 H.m).3.67- 
3.79( 1 H.m).4.08-4. 1 9( 1 H.m). 4.3 1 ( 1 H.ddd.J = 2.9Hz.8.6Hz ( 1 1 .7Hz) ( 4.65( 1 H.dd.J = 1 .7Hz, 7.8Hz).4.99- 

55 ( 1 H.ddd.J = 2.7Hz.8.6Hz. 1 0.6Hz).5.7 1 ( t H.d. J = 8.3Hz).6.92-6.99(2H.m).6.98( 1 H.t.J = 7.5Hz) J.06( I H.t. 

J = 7.5Hz).7.l3(1 H.d.J = 2. 1Hz).7. 18(1 H.d.J =8.6Hz),7.30 (1 H.d.J = 7. 5Hz). 7. 42(1 H.dd.J = 1 .6Hz.4.7Hz).7.52* 
( . H.d. J = 7.5Hz).3.7 1 ( 1 H.d.J = 8.6Hz).8.75( 1 H.d.J = 3.3Hz).9.94 ( 1 H.d.J = 7.3Hzi. 10.77(1 H.d.J = 2 1 Hz) 
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EXAMPLE 77 

cyclo(-DTrp(CHO)-DAsp-Met(0;)-DVal'Leu-) 

5 ' cyclo(-DTrp(CHO)-DAsp-Met-DVal-leu-) prepared in Example 55 was allowed to react with acetic acid- 
35% H 2 0 2 at 80' C in the same manner described in Example 58 to give the title compound. 
FAB-MS(m/e.(C 32 H44N 6 Oi 0 S + H)*):705 • 

! H-NMR(300MHz,DMSO-d fi , 5 ppm):0.59(3H,d.J = 6.0Hz), 0.64(3H,d.J = 6.0Hz).0.80(3H,d.J = 6.9Hz),0.83- 
(3H.d.J = 6.9H2).0.90-1.3l(3H.m).1.65-2.29(3H.m).2.40-2.82(4H. m),2.92-3.40(2H,m),2.96(3H.s).3.93-4.05- 
w (1H.m) t 4.l0-4.22(1H,m),4.39-4 t 59(3H ( m),7.22-7.45(3H,m).7.51-7.60 <1H.m).7.6l-7.72(2H,m).8.00 + 8.22- 

(1 H,brs),8.65-8,75(1 H. m).8.76-8.97(2H,m),9.25 + 9.63(1 H.brs) 

According to the same procedure described in Example 6, each title compound described in the 
following Examples 78-82 was prepared from the corresponding Fmoc amino acids in which sidechain 
functional groups were protected with the appropriate protective groups, if necessary. 

15 

EXAMPLE 78 

c yclo(-DTrp-DAsp-PrGly-OThg-Leu-) 
m.p.: . 72.5-178.5' C 
20 IRfKBr.cm- 1 ): 3304,2968.1668.1533,1461.1374.1236.1179, 1152,744.708 
High Resolution FAB-MS(m/e.(C 3 2H4 0 N 6 O7S + H)*): 

Calcd : 653.2757 
Found : 653.2737 

25 ■H-NMR(300MH2.0MSO-d6. 5 ppm):0.58(3H,d.J = 6.3Hz), 0.71(3H,d,J = 63H2).0.80-0.94(1H,m).0.97- 
(3H.d.J = 6.6Hz). 1.10-1 .32(2H,m). 1 . 1 5(3H,d.J = 6.6Hz),2.34-2.44( 1 H,m), 2.82-2.95(2H.m),3.29- 

(1 H t d.J = 14.7Hz>,3.30-3.40(1 H,m), 3.80-3.94(1 H.m),3.95-4.08(1 H,m),4.36{1 H.ddd.J = 2.6Hz, 8.3Hz,1 1 . 1 Hz)- 
,4.52(1H,d.J= 14.7Hz),5.16-5.27(1H.m), 5.75(1 H.d.J = 9.8Hz),6.9l-7.00(3H.m).7-04(1H,U = 7.9Hz). 7.12- 
(IH.d.J = 1 8Hz),7.31(1 H.d.J = 7.9Hz),7.45{1 H.dd.J = 1 .6Hz.5.2Hz). 7. 51(1 H.d.J = 7.9Hz),7.67(1H,d,J = 9.3Hz), 

30 8.01(1 H,d t J = 9.8Hz),8.90(1 H.d.J = 8.3Hz),9.20(1 H.d.J = 5.7Hz),lO.'80(1H,d.J = 1 .8Hz), 1 2.25(1 H.brs) 

EXAMPLE 79 

cyclc(-DTrp-OAsp-trans-Hyp-DThg-Leu-) 
35 m.p.: 229-233 C 

IR(KBr.cm~'): 3310.3064.2962.1665.1530.1443,1341,1233, 744,705 
High Resolution FAB-MS(m/e.(C32H38N 6 0 8 S + H)*): 

Calcd : 667.2550 

40 Found : 667.2575 

'H-NMR(300MHz.DMSO-d 5 . 5 ppm):0.58(3H,d.J = 6.7Hz), 0.71(3H.d.J = 6.3Hz),0.8l -0.99(1 H,m).1.12-1 .28- 
(2H.m). 1.56-1. 69(1 H.m).2.34(1H.dd.J = 4.4Hz,l6.0Hz).2.39-2.70 (1 H.m).2.8l ( 1 H.dd.J = 9.9Hz.1 6.0Hz),2.86- 
(1H.ddJ = 12.3Hz. 14.2Hz),3.02-3.62(3H,m).3.96(1H.dt.J = 5.1Hz.7.6Hz). 4.22-4.34(2H,m),4.88- 

( 1 H.dd.J =2. 5Hz,8.0Hz).5.0l(1H.ddd. J = 4.4Hz,9.3Hz,9.9Hz),5.20(i H.d.J = 4. ! Hz).5.80( 1 H.d. J = iO.OHzj.6.91- 

J5 7 .03(3H.m). 7.04(1 H.t.J = 7.7Hz).7. 1 3(1 H, d.J = 1 7Hz),7.3l< 1 H.d.J = 7.7Hz).7.47( 1 H.dd.J = 1 .3H;; ( 5.2 Hz).7.51 - 
(1H,d.J = 7.7Hz). 7.82(1 H.d.J = 9.3Hz),7.90(1 H.d. J = l0.0Hz).8. 80(1 H.d.J = 8. 2Hz).9. 09(1 H.d.J = 5. 1 Hz). 10.80 
(1H.d.J= 1.7Hz) 

EXAMPLE 80 

50 

cyc!of-DTrp-DAsp-Pro-DFug-Leu-) 
mTp7202-208 ' C 

IRtKBr.cm- 1 ): 3304.2962.2932,1665,1536.1446.1236.1104. 741 
High Resolution FAB-MS(m 'e,(Cj2H 3 3N 5 0 3 +H)"): 

55 

Calcd : 635.2829 
Found : S35.2859 

H-NMR(300MH2.OMSO-di. i> pom} 0.58{3H,d.J = 6.4Hz). 0.71(3H.J.J = 6.1 Hz>.0.85-0.95( I H.ml.1.15-1 35- 
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(2H.m), 1 .60-2.05<3H.m).2.20-2.50(2H.m).2.80( 1 H.dd.J = 1 2.0Hz. 1 4.8Hz),2.90( 1 H.dd.J = 10.3Hz. 1 5.9Hz).3. 1 0 
3.50(3H,m), 3.95-4.05(1 H.m).4.25-4.35<1 H,m),4.80( 1 H.d-like.J = 6.9 Hz).4.95-5.05(1 H,m),5.69(t H.d.J = 10.0Hz) 
.6.24(1 H.d. J = 3.1 Hz).6.42(1 H.dd.J = 1 8Hz.3. 1 Hz).6.96( 1 H.t.J = 7.2Hz), 7.05(1 H.U = 7.2Hz),7. 1 4 

(1 H.d.J = 1 .5Hz> ,7.32(1 H.d.J = 7.2Hz).7.52(1 H.d.J = 7.2Hz),7.63(1 H.d.J = 1 .8Hz),7.71(1 H, d J = 7.4Hz),7.98- 
( 1 H.d J = 1 0.0Hz),8.79( 1 H.d.J = 8.2Hz). 9.05( 1 H.d.J = 5.2Hz). 1 0.8 1 ( IH.d.J = 1 .5Hz) 

EXAMPLE 81 

cyclo(-OTrp-DAsp-Pro-DCpg-Leu-) 
m.p.: 199-203 C 

IR(KBr,cm"'): 3310,3064,2962.2872,1662,1533.1458.1344. 1236.741 
High Resolution FAB-MS(m/e.(C 3 3H4 4N 6 07 + H)*): 

Calcd : 637.3350 
Found : 637.3358 

l H-NMR(300MHz,DMSO-d6, 5 ppm):0.60(3H,d.J = 6.7Hz). 0.72(3H,d,J = 6.5Hz).0.75-1 .08(2H,m).1 .10-1 .38- 
(4H,m). 1 .40-2.02(9H,m).2. 1 8-2.45(2H,m).2.70-2.95(2H.m).3.02-3.50(3H,m),3.90-4.03< 1 H,m).4. 1 5-4.34( 1 H ,m)- 
,4.20( 1 H,t. J = 9.2Hz).4.72( 1 H,d-like,J = 6.3Hz).4.88-5.03< 1 H,m).6.95 (1 H.t.J = 7.4Hz), 7.04(1 H,t,J = 7.4Hz),7. 1 3- 
( 1 H.d. J = 1 .5Hz). 7.30(1 H.d.J = 7.4Hz),7.43-7.6 1 ( 1 H.m),7.5l (1 H.d.J = 7.4Hz). 7.62-7.85(1 H,m),8.76(2H,brs)- 
.10.79(lH,brs).12.25(1H. brs) 
Optical Rotations: [ a ]|° = +49.9* (c 0.34. MeOH) 

EXAMPLE 82 

cycl o(-DTrp-DAsp-Pro-DEtg-Le'j-) 
m.p.: 149-154 C 

IR(KBr.cm- : ): 34 1 2.2962. 1 674. 1 533. 1 46 1 . 1 239.74 1 
High Resolution FAB*MS(m/e.(C3*H* 2 N 6 07S + H)*): 

Calcd : 679.2914 
Found : 679.2912 

' H-NMR(300MHz.DMSO-d 6 . 6 ppm):0.63(3H,d.J = 6.7Hz) ( 0.70(3H.d. J = 6.4Hz).0.73(3H,t.J = 7.0Hz),0.85- 1 .00- 
{ 1 H,m). 1.15-1 .30(2H,m), 1 .80-2.05(4H,m).2. 1 0-2.20(1 H,m),2.35-2.45( 1 H,m),2.45-2.60( 1 H,m),2.74- 

( 1 H.dd.J = 9.8Hz. 1 6.2Hz). 2.93( 1 H.dd.J = 1 1 .0Hz, 1 4.5Hz),3. 1 4(1 H.dd.J = 3.8Hz ( 1 4.5 Hz).3.40-3.60{2H,m),4. 1 5- 
4.35(2H,m),4.50-4.60(1 H.m), 4.75-4.90( 1 H.m).6.79(1 H.d. J = 3.7Hz).6.92( 1 H.dd.J = 3.7Hz. 5.2Hz).6.97- 
( 1 H.t.J = 7.3Hz).7.05(1 H.t.J = 7. 3Hz). 7.18(1 H, d.J = 1 8Hz),7.32(1 H.d.J = 7.3Hz),7.38( 1 H.d.J = 5.2Hz),7.45-7.55- 
{3H.m),8.iM(l H.s).8.38(1 H.d.J = 8.3Hz). 1 0.84(1 H.d, J = 1 .8Hz) 

EXAMPLE 83 

cyclo(-DTrp-DAsp-CmGly-DThg-Leu-) 

The title compound was prepared from Fmoc-Leu. Fmoc-DThg. Fmoc-DAsp(0'Bu)-Cm(0*Bu)Gly. and 
Fruoc-OTrp as the same procedure described in Example 6. m.p.: 202* C(dec.) 
IR(KBr.cm ' ): 34 1 2,3058.2962, 1 668. 1 536. 1 467, 1 437. 1341, 1 233.744.7 1 0 
High Resolution FAB-MS(m/e.(C 3 • HjsNsOgS + H)*): 

Calcd : 669.2343 
• Found : 669.2347 

' H-NMR(300MHz.DMSO-d s . 6 ppm):0.6 1 (3H,u.J = 5.6Hz). 0.72{3H,d, J = 6.3Hz).0.90- 1 G5( ' H ~. ). 1.15-1 .34- 
(2H.m). 2.34(1H.dd.J = 4.4Hz,t5.9Hz),2.73(1H.dd.J =9.1Hz.15.9Hz), 2.9l(1H.ddJ -= 1 1 .1 Hz.l4.4Hz).3.0o- 
(1 H.d.J = 14.2Hz),3.27 ( 1 H.dd.J = 3.0Hz. 14.4Hz), 3.62(1 H.d.J = l8.7Hz).3.94(1 H.d. J = l8.7Hz),4.02- 

( 1 H.dt.J = 6.2Hz.7.5Hz),4.32( 1 H.ddd.J = 3.G Hz,7.5Hz. 11.1 Hz).4.79( 1 H.d.J = \ 4.2Hz).4.90( IH.dt.J = 

4.4Hz,9.1Hz),5.75(1H.d.J = 8.9Hz).6.92-7.0M3H.m).7.04 (IH.t.J = 7.5Hz).7. 15(1 H.d.J = 2.3Hz).7.3l- 

( 1 H.d.J = 7.5Hz). 7.46( 1 H.dd.J = 1 .9Hi:.6.4Hz)7-5 1 (2H.a * 2.J = 7.5Hz,8.9Hz). 7.82( 1 H.a.J = 9. 1 Hz).8.69- 
(1H.d.J = 7.5H2).9.00(1H.d J= 6 2Hz). 10.82(1 H.brs) 

EXAMPLE 84 
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CyclQ( -DTrp-DAsp- Pro-OVal-His)*TFA salt 

A HMP resin(0.25mmol. Applied Biosystems) was acylated successively with Fmoc-DTrp, Fmoc-His- 
(Boc)-OPfp, Fmoc-DVal. Fmoc-Pro. and Fmoc-DAsp(O'Bu) by use of a 431 A type automatic peptide 
5 synthesizer(Applied Biochemistry) according to the standard manual of this machine for the Fmoc-strategy 
to give 0Asp(O'Bu)-Pro-DVal-His(Boc)-DTrp-resin. The resin was treated in the same manner described in 
Example 4 to give the title compound(1 img) as a pale yellow powder, 
m.p.: 250*C(dec.) 

IR(KBr.cm~ 1 ): 34 1 8,3058.2968. 1 67 1 . 1 539.1 449, 1 203. 1 1 40 
io High Resolution FAB-MS{m/e.(C3i H 38 N 8 07 +H)*): 
Calcd : 635.2942 
Found : 635.2932 

: H-NMR(300MHz.DMSO-d 6 . 5 ppm):0.74(3H.d.J = 6.9Hz). 0.83(3H,d.J = 6.9Hz), 1.20- 1.32(1 H,m), 1.55-1. 70- 
(1 H.m). 1 .71 -1 .85(1 H,m).1 .85-1 .97(1 H.m),2.21 -2.33(2H,m),2.66-2.84(3H,m),2.95(1 H.dd J = 1 0.1 Hz.l 4.9Hz)- 
/ 5 .3.1 0-3.45(3H. m).4. 1 0( 1 H.dd. J = 8.6Hz,9.5Hz).4.25-4.35(2H,m).4.74( 1 H. d-like.J = 7.3Hz),4.95- 

(1 H.dt.J = 3.6Hz.l0.4Hz).6.92(1 H.d. J = 1 .6Hz),6.93-7.l0<3H.m),7.34<1 H.d.J = 7.7Hz).7.46(1 H.d. J = 7.7Hz).7.54- 
7.65(2H.m),8.20-8.30(1 H.m),8.65(1 H.d. J = 8.0Hz).8.92(1 H.d.J = 5. 1 Hz), 1 0.63(1 H.d.J = 1 .6Hz) 

EXAMPLE 85 

20 

cyclo(-DTrp-DAsp-leGly-DVal-Leu-) 

cyclo(-DTrp-DAsp(OBzl)-leGly-DVal-Leu-)*HCI which was prepared from Leu-0'Bu*HCI. 8oc-DVal. Boc- 
leGiy. Boc*UAsp(06zi), and Boc-DTrp according to the same procedure described in Example 2. was 
25 hydrolized with 4 equivalents of IN NaOH in methanol to give the title compound, 
m.p.: 198* C(dec.) 

IRfKBr.cm-'): 3322.3064,2926.1731.1659.1539,1470 
High Resolution FAB-MSfnrve.fCoa^iNsO? +H)*): 
Calcd : 665.3412 

30 Found : 665.3420 

* H-NMR<300MHz,DMSO-d6 . 6 ppm):0.62(3H,d.J = 6.5Hz). 0.73(3H.d J = 6.5Hz).0.82(3H,d,J = 6.9Hz),0.83- 
(3H,d.J= 6.9Hz),0.90-1. 10(3H,m) ( 1. 62-1. 74(1 H.m),2.17(2H,t.J= 7.2Hz),2.23-2.29(1 H,m),2.69-2.94(4H,m).3.07- 
{IH.d.J = 1 3.7Hz) t 3.20-3.30( 1 H.m).4.03( 1 H.dd.J = 6.0Hz. 1 3.0Hz), 4.15(1 H.dd.J = 6.9Hz,9.6Hz),4.34- 

( 1 H.dt.J = 4.5Hz.8.1 Hz). 4.70(1 H.d.J = 1 3.7Hz),5. 1 4(1 H.dt.J = 4.5Hz,9.0Hz),6.88< 1 H. s).6.96(1 H.t.J = 7.5Hz),7.04- 

35 (1H,U = 7.5Hz),7.13<1H,d. J = 2. 4Hz). 7.27(1 H.d.J = 9.6Hz),7.31(1 H.d.J = 7.5Hz),7.51 (IH.dJ = 7.5Hz),7.68- 
( 1 H.d. J = 9.0Hz), 7-74( 1 H.brs).8.80 ( 1 H.d, J = 6.0Hz).8.87(1 H.d.J = 3. 1 Hz), 1 0.81 (1 H.brs) 

EXAMPLE 86 

40 cyclo(-DTrp(COOCH 3 )-DAsp-Pro-DVal-Leu-) 

(86-a) Boc-DTrp (COOCH 3 ) 

To a solution or Boc-DTip-OBzi(iy/ in ciici^oromeihar;e(0iT.!) wes added BuiNHSO*(8.62mg) and 
j5 pulverised NaOH(253mg) under ice cooling. To the resulting suspension was added dropwise a solution of 
methyl chloroformate(599mg) in dichloromethane(6ml) under ice cooling over a period of 30min. The 
reaction mixture was stirred under ice cooling for 30min and at room temperature for I2h, diluted with 
dicnloromethane. washed successively with water. 5% KHSO*. saturated NaHCCh and saturated NaCI. dried 
over MgSOi, and filtered. The filtrate was concentrated under reduced pressure to give Boc-D T 'p(COOCH 3 )- 
50 OBzl(l.42g) as a colorless solid. The solid was hydrogenolized over a catalytic amount of 10% PdC in 
methanol under an atmosphere of hydrogen(under atmospheric pressure) to give Boc-DTrp(C0OCH 3 ). 

(86-0) c ycM-DTrp(CQOCHj)-DAsp-Pro-DVal-Leu-) 

55 DAsp(OBzl)*Pro-DVal-Leu-OPac prepared in Example 59 was acylated with Boc-DTrp(COOCH 3 ) and the 
resulting pentapeptide was treated in the same manner described in Example 59 to give the title compound. 
m.»j.. iG4-t?3 C 

IRiKBr :m-i 3304.2968. 1740. 1656. 1539. U6 U 389. 1341. 1314.1260.1 197. 1092.765 
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High Resolution FAB-MS(m e.(C : . jH ti NcO? *H)*): 
Calcd : 669.3248 
Found : 669.3275 

' H-NMR(300MHz,DMSO-d* . & ppm);0.57(3H.d.J = 6.3H2). 0.66(3H,d. J = 6.3Hz).0.82(3H,d.J = 6.9Hz),0.85- 
5 (3H.d.J = 6.9H2).0.80-1.00(1H.m).1.lO-1.32(2H.m).t.57-l.83(3H. m). 1.85-1 .98(1 H.m),2.20-2.32(1H,m),2.4O- 
( 1 H.dd.J = 3.2Hz. 1 6.1 Hz).2.69-2.82( 1 H.m).2.90< 1 H.dd.J = 1 2.3H2. 1 5.0Hz), 3.03-3.20(2H,m),3.20-3.50(1 H.m)- 
,3.87-4.00( 1 H.m).3.96 (3H.s).4. 1 4(1 H.t.J = 8.8Hz).4.32-4.42( 1 H,m),4.77( 1 H, d-like.J = 7. 1 Hz),4.95- 

(IH.dt.J =2.6Hz.8.8Hz).7.26(1 H.t. J = 7.5H2).7.43-7.58(2H.m).7.56(1 H.t.J = 7.5Hz).7.59(1H,d. J = 7.5Hz),7.78- 
( 1 H.d.J = 8.8Hz).8.06( 1 H.d.J = 7.5Hz).8.79 (1 H.d.J = 4.3Hz).8.92( 1 H.d.J = 8.0Hz) 

w 

EXAMPLE 87 

cyclo(-DTtp(C00 1 Bu)-DAsp-Pro-DVal-leu-) 

/s According to the method described in the literature [H. Franzen et al. J. Chem. Soc, Chem. Commun.. 
1699 (1984)), DMAP(2mg) and (Boc) 2 0(38.2mg) were added to a solution of cyclo(-DTrp-DAsp(OBzl)-Pro- 
DVal-Leu-)(i23mg, prepared in Example 59) in acetonitrile(5ml) at room temperature. The reaction mixture 
was stirred at room temperature for 2h and concentrated under reduced pressure. EtOAc was added to the 
residue anj the resulting mixture was washed with dil. HCI, dried over MgSCh and filtered. The filtrate was 
20 concentrated under reduced pressure to give a colorless powder (lUmg). To a solution of the powder- 
(H4mg) in methanol(iOmi) was added 10% Pd/C(l0mg). The mixture was vigorously stirred at room 
temperature under an atmosphere of hydrogen(under atmospheric pressure) for 2h and filtered. The filtrate 
was concentrated under reduced pressure to give the residue which was purified by column chromatography 
on stiica gei(rvterck. Kieseiyei 60) wiih chloiOiOiiri.Vneihaitoi(3''1 ) foi eiutiun to give the i.tie compound(52mg) 
25 as a colorless powder, m.p.: 176-177* C 

IR(KBr.cm ): 3298.3064.2968. 1 737. 1 653. 1 542, 1 458. 1 374. 1 34 1 . 1 3 1 4. 1 257. 1 230. 1161 
.High Resolution FAB-MS(nv'e ( (C 3 5HsoN 6 Og + H)*): 
Calcd: 711.3718 
Found: 711.3699 

30 ' H-NMR(300MHz.DMSO-d & . 5 ppm):0.60(3H.d.J = 6.6H2), 0.72(3H,d. J = 6.6Hz).0.82(3H.d.J = 6.5Hz).0.86- 
(3H.d.J = 6.5Hz).0.90-1.10(1H,m),1. 10-1. 28(2H,m),1. 55-1. 72(2H, m). 1.60(9H,s). 1.72-1. 87(1 H,m).1. 87-1 .98- 
( I H.m).2.2 1 -2.32( 1 H,m),2.33( 1 H.dd.J = 3.9Hz, 1 6. 1 Hz),2.79( 1 H.dd. J = 1 0.2Hz. 1 6. 1 Hz),2.88- 

(1 H.dd.J* 11.7H2,14.4Hz).3.10-3.35(3H,m).3.88-3.98(1H.m),4.l3(1H.dd.J=8.3Hz ( 10.3Hz). 4.22-4.31(1 H,m)- 
.4.76(1 H.d-like.J = 7.3H2).4.97( 1 H.ddd. J = 3.9H2.8.8Hz, 1 0.2Hz),7.23( 1 H.t, J = 7.0Hz).7.30( 1 H.t. J = 7.0H2),7.48- 

35 ( 1 H.d.J = 1 0.0H2).7.50( 1 H.s).7.57( 1 H.d. J = 7.0H 2 ).7.78( 1 H.d.J = 8.8Hz).8.01 ( 1 H.d.J = 8. 1 Hz).8.80 

( 1 H.d.J = 5.4Hz),8:90(1 H.d.J = 8.3Hz) 

EXAMPLE 88 

jo cyclo(-DTrp(Q)-DAsp-Pro-DVal-Leu-) 

cyclo(-DTrp-DAsp-Pro-DVal-Leu-)ilOmg) prepared in Example 59 was dissolved in a mixture of DMSO. 
cone. HCI and acetic acid(M0-20. 0.16ml). The reaction mixture was stirred at room temperature for 1h and 
cuMceniraieu in vacuo. The residue was triturated with water to give the tiite compound(2.3mg) as an off- 
J5 white powder, m.p.: 175-195* C 

IR(KBr.cm-): 3268.3064.2968, 1659. 1539. 1476. 1452. 1398. 1344.1290.1230,1 188.753.660 
FAB-MS(m e.(C 3 - Hi 2 N 6 0 8 + H)*):627 

*H-NMR(300MHz.DMSO-ds, S ppm):0.74-1 23( 1 2H.m>. 1.13-1 . 38(1 H.m). 1.40-1. 87(5H.m). 1.87-2.00(1 H.m).2.00- 
2.l9(lH.m).2.l2-2.40(1H.m).2.68-2.83(2H.m).3.02-3 80 (3H.m).4.00-4. 1 2( 1 H.m),4.14-4.25(l H.m,.4 .j-4.35'1H. 
50 m).4.76( 1 H.d-like.J = 7.6Hz),4.85-5.0l ( 1 H.m),6.8t ( 1 H.t. J = 7.8Hz).6.87-7.01 ( 1 H.m). 7.06(1 H.d.J = 7.8Hz),7. 1 4- 
7.22 < I H.m).7.24{ 1 H.d.J = 7.8Hz>,7.42-7.60< 1 H.n-,).7.63-7.80 ( 1 H.m),8.80-8.94( 1 H,m).9.03( 1 H.d.J = 8.2Hz)- 
.10.42* 10 37 (lH.s-2) 

EXAMPLE 89 

55 

cyci o(-0Tfp(O)-DAsp-MeAla-DVat-Le u - i 

cyriot-OTrp-DAsp-MeAla-OVai-Leu-i pi spared m Example 13 .v.is treated as :he same procedure 

45 



EP 0 436 189 A1 



described m E* ampin 38 io give the Mie cornccu:\i 
mp 2l5*C(dec> 

FAB-MS(me,(Ci 0 H«.-N.O 8 ♦ H)")615 

5 EXAMPLE 90 

cyclo(>DTrp(CH;COOCH 3 )-DAsp-Pro>DVaHeu-) 

cyclo(-DTrp-DAsp(OBzl)-Pro-OVal-Leu-) prepared m Example 59 was allowed to react with methyl 
io bromoacetate in the presence of Bu*NHSOi and NaOH in the same manner described in Example(86-a> to 
give cyclo (-DTrp(CH : CO0CH 3 )-DAsp(OBzl)-Pro-DVal-Leu-). The cyclic pentapeptide was hyovogenotized 
over a catalytic amount of 10% Pd-'C under an atmosphere of hydrogen(under atmospheric pressure) to give 
the title compound as a colorless solid, 
m.p.: 153-160* C 

is IR(KBr.cnrr'): 331 0.2968. 1743. 1659. 1539. 1473. 1446. 1224.1182.741 
High Resolution FAB-MS(m/e.(C 3 *H*<;N 6 09 ♦ H) # ): 
Calcd : 683.3405 
Found : 683.3430 

1 H-NMR(300MH2.DMSO-d 6 . 6 ppm):0.65(3H,d.J = 5.6Hz). 0.73(3H.d.J = 5.7Hz),0.82(3H,d.J = 6.6Hz).0.86- 
20 (3H.d.J = 6.6Hz). 1 .10-1 32(3H.m),1 .52-1 .82(3H.m).1 .85-1 .99(1 H, m),2.20-2.66(2H.m),2.73-2.87(1 H.m).2.90- 
(1H,dd.J = 12.1 H2,14.8H2).3.C9-3.39(3H,m),3.65(3H.s).3.99(1H.dt.J= 5.4Hz,7-9Hz).4.14- 

(1H.dd.J = 7.9Hz,10.1Hz).4.l9-4.30(1H. m), 4. 76(1 H.d-like J = 7.4Hz),4.88-5.07(1 H,m).5.02(1 H. ABq.J = 17.8Hz)- 
.5.06< 1 H.ABq.J = 1 7.8Hz),7.02( 1 H.tJ = 7.3 Hz),7-08( 1 H,s),7. 11(1 H.t.J = 7.3Hz),7.33< 1 H.d.J = 7.3Hz). 7.50- 
(1 H.d.J = 10. 1 Hz), 7.55(1 H.d.J = 7.3Hz),7.72(1 H.d.J = 8. 1 Hz).8.78(1 H.d.J = 5.4Hz).8.82( 1 H.d.J = 8.1 Hz) 

25 

EXAMPLE 91 

cyclo(-DTrp(CHjCQNH^-DAsp-Pro-DVal-Leu-) 

30 Through a solution of cyclo(-DTrp(CH2COOCH3)-DAsp-Pro-OVal-Leu-)(30.0mg. prepared in Exampte 90) 
in methanol(lml) was bubbled NH 3 at -70* C for 20min. The saturated solution was allowed to stand at room 
temperature for 2h in a sealded tube. The reaction mixture was concentrated under reduced pressure. The 
residue was triturated with ether to give the title compound(l3.0mg) as a colorless powder, 
m.p.: 195-202* C 
35 IRfKBr.cm- 1 ): 3304,2968.1665.1539.1473.1398.741 
Hign Resolution FAB-MS(m/e.(C 33 H*<>N7 08 +H)*): 
Calcd : 668.3408 
Found : 668.3420 

* H-NMR(300MHz,OMSO-d 6 . 5 ppm):0.65(3H,d.J = 6.4Hz). 0.73<3H,d.J = 6.4Hz).0.82(3H,d.J = 6.6Hz) ( 0.85- 
40 (3H,d.J = 6.9Hz),1. 02-1. 36(3H,m) J. 52-1. 82(3H,m),i. 84-1. 99(1 H, m),2.20-2.65(2H.m}.2.65-2.73(1H,m),2.91- 
( 1 H.dd.J = 1 1 .4 Hz. 1 4.6Hz).3.08-3.5 1 (3H,m),3.94-4.04( 1 H.m).4. 1 3( 1 H.dd. J = 8.4Hz,9.5Hz).4.22-4.32(1 H.m)- 
,4.S4(1H.ABq.J- 16.8Hz). 4.70(1 H.ABq.J = 16.8Hz).4.71-4.77<1 H.m),4.87-5.03(1 H.m). 7.00(1 H.t.J = 7.7Hz).7.05- 
( 1H.s).7.lO(1 H.t.J = 7.7Hz).7.l8 (1 H,brs).7.28(1 H.d.J = 7.7Hz).7.41(1H.brs).7.53(1H.d. J = 7.7H2) ( 7. 56-7.67- 
(2H.m).8.73-8.82(1H.m).8.74 (IH.d.J = 5.9Hz) 

-J5 

EXAMPLE 92 

cycio(-DTrp(CH 2 CONHCH 3 hDAsp-Pro-DVal-Le u-) 

50 cyclo(-DTrp(CH:COOCH 3 )-DAsp-Pro-DVal-Leu-) prepared m Example 90 was allowed to react with 40% 
methylamine methanol as the same procedure described in Example 91 to give the title compound, 
mp.: 192-202* C 

IRiKBr.cm- 1 ): 3298.3064.2968.1659.1545,1473.1395. 1338.7-11 
High Resolution FAB-MS(m e.(C 3 * Hi ;N 7 0 3 + H)'): 
55 Calca : 682.3565 
Found . 682.3567 

'H-NMR(300MHz.DMSO-a; . S ppmj:0.65(3H,d.J = 6. 1 Hzl. 0 72(3H.d. J = 6. 1 Hz).0.3l (3H.d.J ~ 6.5Hz).0.85- 
i3Hd J= 6.5Hz). 1. 06-1. 32(3H.m). I 5l-1.82(3H.m],l 83-1 99(1 H. :nj.2.l 7-2.31 (1H.m).2.4 1 -2.82(2H.m).2.58- 
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(3H.d.J = 4.7Hz). 2.91 (1 H.dd J = 1 1 .7Hz. 1 3.8H2).3.07-3.60(3H.m).3 95-4.06 ( 1 H.mj.4. 1 2- 

(1' dd.J = 8.1H2.9.8H2) t 4.21-4.32(1H,m).4.64 : 4.77(1H.m).4.65(1H.ABq.J= te^HzJ^.ZHIH.ABq.J^ 16. 4H2)- 
.4 84-5.03(1 H,m),7.00( 1 K.U' ^ 7.5H2).7 07( 1 H.s). 7.09( 1 H.t.J = 7.5H2).7.30( i H.d.J = 7.5Hz),7.47-7.60( 1 H.m). 
7.53( 1 H.d.J = 7.5H2).7.70(1 H.d.J = 9.8Hz).7.88-7.96t 1 H.m), 8.68-8.79(2H.m) 

EXAMPLF 93 

cyclo(-DTrp(CH : COOH)-DAsp-Pro-DVaMeu-) 

cyclo(-DTrp(CH : COOCH 3 )-DAsp(OB2l)-Pro-DVal-Leu-) prepared in Example 90 was hydrolized with IN 
NaOH in methanol to give the title compound, 
m.p.: 181.5-183* C 

IR(KBr.cm -1 ): 3304,2968,1725.1656.1539,1473,1449.1227. 1188.741 
High Resolution FAB-MS(m/e.(C 33 H*4N 6 09 + H)*): 

Calcd : 669.3248 

Found : 669.3220 

, H-NMR(300MHz.DMSO-d 6 . * ppm):0.65(3H,d.J = 5.1 Hz). 0.73(3H.d.J = 5.4Hz),0.82(3H,d.J = 7.0Hz).0.86- 
(3H.d,J = 6.6Hz).1. 10-1. 34(3H.m).1. 52-1. 83(3H.m).1. 85-2.00(1 H. m),2.21-2.67(2H,m),2.73-2.88(1H,m),2.90- 
(1 H.ddJ = 1 2.3 Hz. 1 3.6Hz),3.07-3.49(3H.m),3.94-4.04(1 H.m).4. 1 4(1 H.dd. J =8.1 Hz. 1 0.0Hz).4. 1 9-4.31 (1 H.m)- 
.4.76(1H.d-like.J = 7.1 Hz).4.80-5.05(3H,m),7.0l ( 1 H.t.J = 7.4Hz),7.07( 1 H.s). 7.10(1 H.t.J = 7.4Hz),7.26-7.39- 
(1H,m). 7, 50(1 H.d.J = 10.0 Hz).7.54(1 H.d.J = 7.4Hz).7.73(1 H.d.J = 8.7Hz),8.78(t H.d. J = 4.9Hz).8.83- 

( 1 H,d. J = 8.OH2). 1 2.32(2H.brs) 

According to the same procedure described in Example 4. each title compound described in the 
following Examples 94-97 was prepared from the corresponding Fmoc amino acid in which sidechain 
functional groups were protected with the appropriate protective groups, if necessary. 

EXAMPLE 94 

cycM-DTrp-OAsp-Ala-DVal-Csal-) 
m.p.: 225 C(dec.) 

IRiKBr.cm" 1 ): 3298.3070.2926.2854, 1 650. 1 542, 1 455. 1 389. 1 344, 1 233. 1 098.74 1 
High Resolution FAB-MS(m/e.(C 3 2H4*N & 07 + H)*): 

Calcd : 625.3350 
Found : 625.3358 

'H-NMRtfOOMHz.DMSO-ds. S ppm):0.66-1 88(14H.m). 0.82(3H,d.J = 6.5Hz).0.83(3H,d.J =6.6Hz),1.1 1(3H.d.J = 
6.8H2).2.28-2.50(lH.m) 1 2.67-2.80(1H.m) ( 2.62-2.37(m, m),3.1 4-3.40(1 H,m),4.C4-4.20{2H,,T,).4.28-4.58{3H.rn}, 
6.95(1 H.t.J = 7.5H2).7.04(1 H.t.J = 7.5Hz).7.08(1 H.d.J = 2.3Hz),7.3l (1 H.d.J = 7. 5Hz). 7. 39(1 H.d.J = 9.5Hz).7.52- 
(1 H. d.J = 7.5Hz).7.58(1H ( d.J = 7.4Hz).8.64(1 H.d.J = 6.3Hz).8.68 (1 H.d.J = 8.8Hz).8.73(1 H.d.J = 7.7Hz). 10.79- 
<1H.brs).l2.22 (IH.brs) 

EXAMPLE 95 

cyclo(-DPhe-DAsp-Pro-DVal-Leu-) 
m.p.: >300 C 

IR(KBr.cm - : > : 2926.2854. 1 633. 1 542, 1 254. 1 068 
FAB-MSfnrve.fC^H, ;N 5 0/ + H)*):572 

' H-NMR(300MHz,DMSO-d& . 6 ppm):0.60(3H,d.J = 6.3Hz>. 0.70(3H.d. J = 6.4H2),0.82(3H.d. J = 6.5Hz),085- 
(3H.d.J= 6.5Hz). 1.1 5-1. l7(2H,m), 1.20-1. 25(1 K.rr.;.!. 64- !.7Q(!H. rn). 1.73- 1.82(1 H.m";. 1.S4-1.9S(?H ~^.2 22- 
2.28(2H.m). 2.35(1 H.dd.J = 4.0Hz, l6.0Hz).2.63-2.77< 1 H.m).2.80(tH,dd. J = l0.4Hz,l6.0Hzj,2.90-3.62(3H.m)- 
.3.88-3.99(1H.m).4.14 (1 H.dd.J = 7.8Hz.l0.2Hz),4. 21 -4.32(1 H,m).4.76(1H.d-like. J = 7.0Hz).4.88-5.06(1 H.m)- 
,7. 1 6-7 24(5H.m>7.50( 1 H.d. J = 1 0.2Hz).7.76( 1 H.d.J = 9.3Hz),8.77< 1 H.d.J = 4.9H z),8.90 ( 1 H.d, J = 8. 1 Hz) 

EXAMPLE 96 



cycio(- DTyr-DA$p-Pfo-DVal-Leu-) 
m.p.: 1&0-184~C 

IR(KBr .cm - y 3442.2968, 1 659. 1 52 1 . 1 455. 1 230.830 



EP 0 436 189 A1 



High Resolution FAB-MS(m. e.(C: 9 H 4 • N 5 0 3 + H)*): 

Calcd : 588.3033 
Found : 588.3055 

5 1 H-NMR(300MHz.DMSO-d 6 . 5 ppm):0.65(3H,d.J = 6.4Hz), 075(3H.d.J = 6.4Hz),0.82(3H.d.J = 6.6Hz).0.85- 
(3H,d.J = 6.6Hz),0.89- 1.07(1 H.m),1. 14-1. 34(2H,m),1. 53-1. 82<3H, m),1.83-1 .98(1 H,m),2.21 -2.31(1 H,m).2.34- 
(1 H.dd.J = 3.9Hz. 16.0Hz),2.55-2.63(1H,m).2.79(1H,dd.J = 10.4Hz,16.0Hz), 3.07-3.1 8(2H.m),3.30-3.42(1H,m)- 
.3.92-4.00(1 H.m),4.1 1 -4.22(2H.m),4.76<1 H.d-tike J = 7.4Hz),4.80-4.97(1 H.m). 6.60(2H.d.J = 8.3Hz).7.0l - 

(2H,d.J = 8.3Hz).7.48( 1 H.d J = 10.0Hz),7.73(1 H.d.J = 8.8Hz),8.77(1 H.d.J = 5. 1 Hz).8.8l ( 1 H. d J = 8.6Hz).9. 1 2- 

W (1H,s),l2.3l(1H,brs) 

EXAMPLE 97 

cyclo(-DNal-DGIu-Ala-DVal-Leu-) 
;s m.p.: 270 C(dec.) 

IR(KBr,cm"'): 3466,3286.2926.1644.1551,1389 ^ 
High Resolution FAB-MSfm/e.^HoNsO? + H)*): 

CcJcd : 610.3240 

20 Found : 610.3237 

1 H-NMR(300MHz.DMSO-d 6 , 5 ppm):0.59(3H,d.J =5.4Hz), 0.75-0.95(9H,m).1 .l3(3H,d.J = 7. 1Hz), 1.1 5- 1.25- 
(3H,m), 1 .75-1 .85(1 H,m),1 .85-2.05(2H,m),2.05-2.25(2H,m),3.09 (1 H.dd.J = 1 1 .5Hz.1 4. 1 Hz).3.80- 

(1 H.dd.J =2.1 Hz,14.1 Hz), 4.05-4.15(1 H.m),4.15(1H,ddJ = 6.8Hz,9.1Hz).4.29(1H,q, J = 6.5Hz),4.40-4.50(2H,m)- 
,7.37(1 H.t.J = 7.4Hz).7.43(1 H.d, J = 7.4Hz).7.45-7.65(4H,m).7.78(1 H.d.J = 8.1 Hz).7:93<1 H,d, J = 7.9Hz).8.20- 

25 (1 H,d J = 8.3Hz),8.60(1 H.d.J = 6.1 Hz),875 (1 H.d.J = 7.6Hz),8.98(1 H.d.J = 9.1 Hz) 

EXAMPLE 98 

cyclo(-DT rp-DAsp-trans-Hyp-DCpg-Leu-) 

30 

According to the same procedure described in Example 6, the title compound was prepared from Fmoc- 
Leu. Fmoc-DCpg. Fmoc-trans-Hyp(O'Bu). 
Fmoc-DAsp(O'Bu). and Fmoc-DTrp. 
m.p.: 173.5-180.0* C 
35 IRlKBr.cm- 1 ): 3310.3064,2962,1662,1536,1446.1287.1233. 1176.744 
High Resolution FAB-MS(m/e,(C 33 H4*N & C>8 + H)*): 

Calcd : 653.3299 

Found : 653.3267 

•H-NMR(300MHz.DMSO-d 6 . 5 ppm):0.60(3H,d.J =6.2Hz). 0.72(3H.d.J = 6.4Hz).0.95-1 .38(5H.m),1 .40-1 "5- 
40 (7H,m), 1 .85-2.03(1 H,m),2.30(1 H.dd.J = 4.2Hz.l6 2Hz).2.35-2.53 (1H,m),2.77(1H,dd,J = 1 1 ^Hz.ie^HzjZSe- 
OH.ddJ = 1 1 .9 Hz.14.3Hz).3.07(1H,dd.J = 4.3Hz,11.1Hz),3.l8(1H,dd.J= 5.5Hz,1 1 1Hz).3.34- 
( 1 H.dd.J = 2.8Hz. 1 4.3Hz).3.90-4.00(1 H, m).4. 1 4-4.32(2H,m),4. 1 6(1 H.t J = 10.1 Hz),4.8i ( 1 H.dd. J = 2.5Hz.8. 1 Hz)- 
,4.90-5.07(2H.m).6.95(1H ( t.J = 7.5Hz). 7.04(1 H.t.J = 7.5Hz),7.13(1 H.d.J = 1 5Hz),7.3l(1 H.d.J = 7.5Hz),7.37- 
( 1 H.d.J = 7.5Hz).7.51(1 H.d.J = 7.5Hz).7.80(1 H, d.J = 9.3Hz).8.67-8.85(2H.m), 1 0.79( 1 H.d.J = 1 .5Hz) 

45 

EXAMPLE 99 

Production of a transfusion solution for drip infusion 



so The compound prepared in Example 59. cyclo (*DTrp-DAsp(ONa)-Pro-OVal-Leu-)(1g) was dissolved in 
500ml of a 5% glucose solution for transfusion. The resulting solution was filtered through a milipore filter- 
(pore size. 0.22*m) under aseptic conditions. A transfusion vial was filled with the filtrate to afford a 
transfusion solution for dup infusion. 

55 EXAMPLE 100 

Production ot a section tor intravenous injection 



4S 
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The compound prepared in Example 59. cyclo (*DTrp-DAsp(ONa)-Pro-DVal-Leu-)(ig) was dissolved in 
V. )ml of an aqueous, isotonic sodium chloride solution. The resulting solution was filtered through a milipore 
filter(pore size. 0.22 M m) under aseptic conditions to afford a solution for intravenous injection. EXAMPLE 101 



Production of tablets 



cyclo( -DTrp-DAsp'(ONa) -Pro-DVal-Leu- 


) 7 


parts 


Hydroxypropylcellulose 


1 


part 


Lactose 


10.9 


parts 


Corn starch 


1 


part 


Magnesium stearate 


0.1 


parts 



The compound prepared in Example 59. cyclo (-DTrp-DAsp(ONa)-Pro-DVal-Leu-)(7 parts). 10.9 parts of 
lactose and one part of corn starch, were blended thoroughly with 5 parts of a 60% aqueous ethanol solution 
20 containing one part of hydroxypropyl cellulose. The mixture was dried under reduced pressure, mixed with 

0. 1 parts of magnesium stearate and compressed by a conventional method into tablets. 

The cyclic pentapeptides have a potent antagonistic activity against endothelin which is an endogenous 
peptide with potent vasoconstrictor and other activities. Therefore, they are useful as drugs which exhibit 
antagonism against vascular and trachea smooth muscles contraction effects by endothelin. Particularly, they 
25 are useful as drugs for treating human hypertension, asthma, acute renal failure, myocardial infarction, 
angina pectoris, cerebral infarction or cerebral vasospasm. Further, they are useful also as drugs for treating 
endotoxin shock, or endotoxin-induced multiple organ failure or disseminated intravascular coagulation as 
well as cyclosporin-induced renal failure or hypertension. 

30 Claims 

1. A cyclic pentapeptide of the formula: 



35 cyclo (-X 1 -X 2 -X 3 -X 4 -X 5 -) (I) 

wherein X n (n = 1-5) represent amino acid residues, respectively, and X* is DPhe, DTyr, DTha. DTza, 
DNal. DBta. DTrp. DTrp{0). DTrp(CHO) or DTrpUCH^COR 1 ) (wherein m is from 0 to 6. and R 1 is a 
40 hydroxy! group, a Ci-Cs aikoxy group, an amino group or a Ci*C6 monoalkylamino group, provided that 
when m = 0. R 1 is not a hydroxyl group). X 2 is DAsp. DGlu or DCysfChH). X 3 is Pro. Hyp. Pip, Thz. 
£A!a. or Gly. A!a. oAba, AJb. Val. Nva, Leu. lie. alle. Nle. Met. Ivtet(O). MetfO;). Phe, i*za. Tha. Tyr, Trp, 
His. Arg. Lys. Lys(CHO). Orn, Orn(CHO), Asn, Gin. Asp. Glu, Cys(0 3 H), Cys. Ser or Thr wherein a 
hydrogen atom on the o-amino group may be substituted by a Ci-Cs alkyl or C3-C7 cycloalkyl group 

•5 which may have an optional group selected from the group consisting of an irnidazolyl .youp, a 
carboxyl group, a sulfo group and a hydroxyl group. X 4 is OAla. OThr. DaAba. DVal, DNva. DLeu. Dlle, 
Dalle. DNIe, DtertLeu. DCpg. DChg, ODpg. DPen. Aib. Ac 3 c. ACiC. AcsC Ac 6 c. Ac/C. or DPhg. DThg. 
DFug. DTzg or Dltg wherein a hydrogen atom at the o-position may be substituted by a C1-C3 alkyl 
group. X s is Pro. Pip. Thz. or His. Ala, oAba, Val. Nva. Leu, lie. alle. Nle. Met. Coal. C*al. C=.: or C:al 

0 wherein a hydrogen atom on the a-amino group may be substituted by a C--C5 alkyl group: or a 
pharmaceutical^ acceptable salt thereof. 

2. A process for producing a cyclic pentapeptide as defined in Claim 1. which comprises cyclizing a linear 
pentapeptide of the formula (II) or its salt: 

5 
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KN-Y-CO-Q 



(II) 



wherein Y is a divalent group capable of forming a linear pentapeptide residue having an amino acid 
sequence corresponding to the cyclic pentapeptide of the formula (I) as defined in Claim 1, together 
with a group of the formula -NR (wherein R is a hydrogen atom, a Ci-C& alkyl or C3-C7 cycfoalkyl 
group which may have an optional group selected from the group consisting of an imidazolyl group, a 
carboxyl group, a sulfo group and a hydroxyl group, or a group forming Pro, Hyp, Pip or Thz at the N- 
terminal as bonded to a part of Y) and a group of the formula -CO, wherein sidechain functional groups 
of f he amino acids may optionally bo protected, and Q is a leaving group, to obtain a cyclic 
pentapeptide wherein sidechain functional groups of the amino acids may be protected, subjecting, if 
necessary, this cyclic pentapeptide to at least one reaction selected from the group consisting of 1) 
removal of the sidechain protective groups, 2) formylation. alkoxycarbonylation or alkoxycarbonylal- 
kylation at the 1 -position of the indole ring of tryptophan, 3) conversion of an alkoxycarbonyl group in 
the substituent at the 1 -position of the indole ring of tryptophan to a carboxyl group or a carbamoyl 
group. 4) formylation of the sidechain amino group of lysine or ornithine, and 5) oxidation of methionine 
to methionine sulfoxide or methionine sulfone. and furthermore optionally conducting the conversion to 
a pharmaceutical^ acceptable salt. 

A drug for treating hypertension, acute renal failure, myocardial infarction, angina pectoris, cerebral 
infarction, cerebral vasospasm, asthma, endotoxin shock, endotoxin-induced multiple organ failure or 
disseminated intravascular coagulation, and/or cyclosporin-induced renal failure or hypertension, which 
contains a cyclic pentapeptide of the formula (I) as defined in Claim 1 or a pharmaceutical acceptable 
salt thereof. 
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FIGURE 2 
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FIGURE 3 
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FIGURE 5 
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